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©15felBSlSl*-5j«6K-r$ 0 «fc*)!Sfi£CCJSft{tSnft: 
? + -7\'<;l;**8«i/A?- Ait, ■' «U £ jfe^W^JBi 

^^Ettftaggs^tttaf^waasmKess*© 
ns. 

[ 0 0 2 0 ] 7 7 4 x/WXttBISi/VU *»E5fflSi 
■C©»ftit, BSE^JSe^£*. 3«. 4%^S««:i-77 
t ^,'<^JWB^S&ffi&iiif £ i'C. 4 ir© 1 

^•c&s^it. mrt-^vomm^tzmo 
xmrnmiwrnmis aw? 

^»fP* fer?S6ffiip*E^-*- K 7 7 / o X . 

5§f,fts 0 *-&(,it*. H5s»»it. snaia©^*- K 

77-f« , C©i6-A*-F©»ft#tt4:|SS-S'&*. Si® 
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mi 7 ■< ><mm-tisi®i J ximw9 ? 
m^m-^hi, + -•?-? t a > tmnte^zm 

[002 1 ] 77 ^«)«K, <? S 0 < I8&KJUA7 

Yl>7W.»<J§«g©«&, 5-?^7H.ftSlfft 

f-F«4l/C, !S£&S*V&. 1. Bain^l. 0 
i/ m ^©Hiffc&g&H© ✓ -f XtaWtf: -T i> tctblc . E r 
77 ^-'vu-if.'<j^jfes«;ia-pi|ia7^>i-^ has 

>wa©qj.c.s£gj: est,*. 

[0022] 7-?>V7 h <tai6jKS(S©7'P-te^t*ji 20 
jaftjecagiKEiSS ti. •£©& 8 0 0 n mffi»© 

[0023] Y b*«HfflC!)tt-a«t'- nWOftb 

o 4 ur, j 6— ? ?Yb7 t ■{''* i>- wgfflsn 

[0 02 4] ttfelMtX/M'31*, +9«7t^<»» 

-?-ci£i£3n*<z>-c\ •ec^i-xii. 7t^^«m 
i^^Kbtffisn*. c ©->*?■ a-ci*. ?n§&.>w 

y 4 C 4 ■C-jSWtcg'MfcStt*. * C<E ^ *IS*SS 

». < i t, i o k m©gS 4 1 0 d B/ ft raOT© 40 

W*«>->. WiBSAigadfHItt. jl^Wc 

£f§J?f *fc»fc. 1 0 d B&fiLlS^SY&.S, esi 

7-/>©ft-7TM(tt. 7T-*«ea»K»-»xte 
zmmgHO,? * -y? 7 ^ .•f-T'? ■? mm* &® 
Jrr4c4-c. iis^fe^n^, td?.'<>k<h7 
-a*. ean./&/<Ji-A©^> F*i*Jsni©fc»K. setc 

[0 02 5 ] *7T -{-'fC'«J@.'{.'l'?;©7'V>i'7 l-K 
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iffl©ffiSoi^7r ^«*?>*(H»0«ff{C9-?^l/ 

7 h stss-To c 4 r-, #$K!07369aagE*sfe*in 

£, C©56«S]^t/Xf AKfe^r. 7''> > >7M,fe 
#>7".' T»FgS[£56aa©fciMc ? v >?sjf#&# 

[0 026] 

[gffiS *Hfc* ttM0»«IIMB ] JSWMftf fc* tifcf 

(psm) ic^ft, 

K*>7-SnfcYb7T -f^<«S3 (WIS* 

li. ^AfflHlti> a -*4 (PCM> Ktt^»n. 

4-7©U-7i^? , A ; SMI, PSM2, AMI 3, 
PCM4, fribZLZ. VfZsZTMt. 8ll©SifiP8KS 

[0 02 8] tlT. SSKSSM-PSM-AMl -PC 
Mv^f AK|55ii^&. S M 1 it, mi'<\tt*JUt 
«.v^XjtsH(^-K*8!5) *Wf*. PS Mi*, Sf 
* U < tt-*©7 t < ^<6 *Wl». S M4 P SMCOiSl© 

«wi/<«iwrcHt»A*, psM«wa*«:, 
w s i/ < tt a m i * v a - >vz ©rtsii©Y b mm i © 

S. **H±PSM2 43 r-f"fS&IBB7©IB©-'<^f 

*fSt-<tt«J6|S^!A5iSiR*AS. PCM44*. 
K tt^affc©fifif, -7j)6W*Z-7©/*^ 

: *fe©M*^7fe#7'.i Xi*>77 y yatHS^P 
CM4U:ffit)n6. PCM4^«Wg&«. aiK*u> 

At?R*»n«. 3 t -f /<7^ ? jna««^«atrpcM 

©i§g, 7HMf; jrf—*#PCM^©**««ti 

[0029] 7j;.thfi^-^>-h-a©-|51l4t/ 

2©SM 1 brtfCSt SA-CO*. 7*AK#lx-tJ'9 
It. as 1. 5 7jjm-C2 0 0 f s^*x, .HOilLJl 
^5 0 H z V 1 ft J ©■' <**x* /^S^?* mffi© 
ISX-H-'U^VJ h>JfcjiB (IVRA ten« t Inc., Fsntol 

[003 0] 1- 5j<id>62. 1 fi m©SfeSSi«h.© 
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T-f^l 0©g**^IK37|S {^-^ItOfcJ SfSfc [0033] BlfeKS^SfifcMA^g*!?? 
TCi3d4?T*>nS. arSC&^i*. 1. 5*62. 1 H/fc^A©^**!** Of^S^tS. ?v 

fe©«Bftft4'l»S<e-PC£T?, 7?>S'7£prC-©>{ ^StSffiSS^ftt*. @^'C2 (tul -So,} 

©g^ffc^rWcW (J.P.Oorrfon/'Thecirv ouhe Solit C'C. 2 8u>&. f-VsVJtittOttoXWXKi/Y*, 

on Sslf-frocjiiency Stmt, "Opt. Lett. ,11,662(1986)). ©£*!&©£# C©X-"<* NHSX**. C C'C'C*^ 

r-/<fl*l,m 9-*i»fiB!«io hi*. -S5JC2. 10 SFili, JBtt*£&ttAl l<MWf*Wiir*Ci 

OOnmBmteSilffiSti. C©2. 0 On alt fljftft -c«*Kt5t>ft*. 

a»IS"CfcYJ>3T-/J<*«H©fW-' < >K*t-«l/ [0034] *?>f7*. PPLN»©a*^to 

[003 1 ] C«4Sf88©Pl|-Cti. -C-n-Sti6«mi4iJ Et 7r 4><V-^><>i-Ximo^WEL^^l'Uy Y 

m©37^££-93 0m£3m©S3<D!/»J:*' 7-7 ii. ■9-s?>i/y h4->'J :b-c-^©«7T 4-'<-C©2 0 

|Sf7-s'>5'3>!0^g$M, i"JSr©jSJHa«J -b©i£fi©Jg&. VJ^Ojft?URJ|«fii^Oi,^sA*< 

#1 0©^ffl^|S!(Cf ! -w<{ty^ti9ilB'r&Ci*iW fc6*. ■?»*?*>. 1- 5nin-C©l9JB(.,i'c. , 0^x4 
f>J-C4.i„ 3SS©Wr-it, 1. 5 7nn<a»S>2- lOii 20 J: 0***5^^7^2 ft m©$gf8jsK" 

Stffc-r&arigSfc-P, J; 9£&©7 7 5*, 3W,XC©««"C©*^i^' h l/ft."******** 

lt?7-f.'«4SS?4C«. J:*)Ai,^Bft«**f5i& { 0 03 5 ] 6&t-lt. *«i£S$£&&7 P-te*©./ 

[0032] 77>f7 Y Uc>U^<0 1 . 0 5 fim« *<Wte, iSffif^©^^©^^)*, 9 

&4>->--*:©igSlWec*-*OfcL i N0O3 <PPL ISfcX?©^^^*****!*. *.*}*.&rj.5-7> 
N> tUl (CVim&XV&MK n HC*0. ^UUBOia^ttflftfiCU 

?SSa&^©Hi£l/t4tWtt, PPLN©.* 30 Ufc*WC. Sg«iSSL.^Ol.X©lS«7*s*«ftS4i 

abS. OfcQBIRWKsH-^UcPPl'^fi^^J^- -wmm®L&$tiTc> A 

I-. PP MsrO: L iNbO, . PP KTP©J:d ;^<7-©Afc&£ffcCC4il,T:ll&ft4. 

fe^?8fi^m4*-&W*KTPSe^ft:©l«RWVc [0 03 6] C*l#®3K^sn*J«J. CCT?. l«in 

#->lum&i,miKfcm$ftZCtftW82t\Z* ^f^r©®fc8S^Sftfc¥lV'! , 7-#. 1. 5 6 

> PPLNJ&S1 lt©H£li, «oj'C©^AAi.'<'7-©Kifei(..-CmSft-Ci,»-5„ S 

X\ 245*SftfcU>Xf3S l .k*(R- ? TlTfcft-5„ P B-sdESt&BiUS!;):, H 3 KfciSTJ: I fiiu© 

p l n&s 1 1 ©saw*, l- >x 1 2 -cs?77 7 •< 1 aHHwtTOHSftv? h » i . 5 6 m mvmmv 

3 1 u m«!6SBW40 p J fcl±©>< ©WAA- 1 (7 -icffeSUttU £ ^ o C t fctlgK t>^ 
^x^Jt^tifefrS-a. i « m©Ja!6«KgfS©Jg 

*. ie««Me****s6n&. «8»aa»a*ifcM 40 [0037] psm2 -s*©^!?*^** 

^©^JhJMBtt, PPLNiftSl 1 ©S3 ©SIS i>. BlKSWJj^K. PSMit/C-*©v 7 ^.>< 

ftSiRxaWESft*. fei*W, l3mm©^©PP (MS7t^<>#«M$*i*4*. vx?A**><:/ 

LMJSSti. *&8G 0 f sC^XdieaHfrr* ! - 0 Ki||S^^^^A^^fc»K. agfe0S4®15 

5wm«SSS , C©2Dm©^>K<i*4s3i«'4, «4Sft ^>*spcM4«Cffi«SftS. t/*>L.«S*6, PCM4 

tc-'O^mit. idfeJ;-C-PPLN^©SS(Ctt;1?ltf ©^gaSiS?^^, @4{C5if J:5K/Ol-*©@Wftt 
£. tnttofe. 40 Of s©/Ol-xffi=£fc-?JiSS®:jft 4*>&^5£3ft6i. MfO©H9gS*MfcCr&. 2% 

smc-'^xw. S§6. 5mm©PPLN«:!&gi^ i3?:©tfc I 3/2 I ytSSSil*, InnKDiSSSWfl 

ai. ®i o o f stcsrr4*"ctt»e>fi. 5v>t-7 h <*:x<otb \ 3/2 i acsssKit^T. 0«<s?s^«is 

tfc'WAVMmttttl 00 f 5C^ixgK. §6> 50 S^^>-Cl-30feMir». S^. l<im©®«fi| 
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7 7 -/.'<©J1£. 7 T ^v<-c©3iX»»©fiH9«@*f*S 

^£f^s^>r-©is#£imvc&& 0 c©<^ 

x ^ at-© 3 J: D^#f*©^lKfc»©«*i£ic 

[0038] 1 0<§«U:©;<*.**fc&€iT5 fcKXCti:, 
3 ;£4<J J: tfi&saS*©i!:llf}iW, P CM 4 -c©si«£ > t* 
xB-HftcssKJS:*, cetm&tmrzttiM:. PS 

M2«)jlt«7 7^ne*4. WK*i'7 9FB«*fl-Uit 10 
fc-57W< " f-7r-fJC (BJ.Ains 

lie « al> *•&<,««&#-•.) 77 •/-•< {T.H.M3WXM eta 
1., 'Holey Cptical Fibers 'An Efficient fcbdal Kbdel, 
3 . Li qhtw.Tectw . . vol . 17 . no .6, pp . 1093-1102 ) t g g & 
<Vl>. W- 7 t -f ><4 #- y 7 7 -/ 2 

7\MMHfi«itt, P S MWftteafl&rtfre* 
?«fffc*j, PSMiass^-cswtr 
*,#Si7? „ ^^^©[©g&iWtf. U*r*f*?A 

[ 0 0 3 9 ] 2 3 4a J: C 4 »*Tft©SHSWfl£tt 
llS*^M©PSM2*»»5«iS3lVC^&. PSM2 
OaW, jMPOBSWB*PW7TS*3 7-f^«». £, * 

p. *&^it. e^-r*i»©3ix&a*ff&c4*Tr8 

St<,^J£SfcJi"7VXV*. 7W;<-C©«t>lS(,*3 

*7>S<©LPi i *-r". f6fig-5C4t?ff6n-5. m 
5-C. PSM2 0aO>4^i3iX»8«a > 
7-i'>'<©3EJ«15, 16. 1 l&fc^CtX: 
ftS. MtyOfc®? t -f 1 5 It, •fe'o©3*£i£&>& 
4&»f**fer>-'*©7 7 S-«J©E®7t 
Y;<15ii, 2SB©te$S7W.'<l 6(£^j*sn, * 

SCS^aStta^Sfc^ESgSfeatia. LP, , * 

77 •/-•<! 54*. 2Sg©J£Si7W;<ie4E<r>©7 40 

T^^**f5l"5*? r£fe-7-C^ISS4a, 2*g©te 
*7 7-f;<16'C©LP, , *-F©£MW»*fc& 
^. 2#B©&^7 t i 6 T©3 S JxflW&lSSg*: 
ftr4fc#4Ci*. ^OfeNAXi. 20£fc-37T-f 
3§B©M5I7 t 1 7 ©3**- F 
©&KLP, i *- FtEIBStf *fc»<c, 2©g©te 

7 7^<©Mffla:®£CC«J:-ji:. ^SfflB, E.mo>4 

ats-^a-^tsft-s. 3 &B©i£5i7 t •{ /< i ? ti> 
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[0040] Fg&m-fcWi I' "CLP 

, , *-K*>feLPo i *-F^<!W<9H58tttT5e 

tc * 9 . £7 7 <4fcffiBr ? -fe >7 y ©{gssgjfeti. 
K£ < t *> 2 5 %X-t>i» 2#B©i£sl7 t -<M«>L P 
o , F©SS*©A***li, ®5<t*-rj:5{£, 51 

- K&3C©?SEK*- Ft©W©W«l)B»r*©^:*'1ia«: 

j: o . --?©*- KB-ce^s^iaes** 10-40 

nmCDfasffcL-. 10 -4 On *h*W* 
fc^/^*©:fc#K---£® r _ '3ri^(C^ UC isiTO 

[004 n ? r^^Brs-fe^y©***^ 

^(*. 3 #S©i£5g7 r 1 7 & Y b^ffiSKFiai* 

■escir-. 'J>s<S4is. c©ss«, su 

[0 04 2] 4*»SS;Ai**<!Eci'£#. S&J©S3i7 
t -T^ 1 5 l*i?0K5WaS. 3*£4i«Hto»g&l4 2 
#SCte7 7 Y^<©ffl-CS*») 4itt. 4&JHS 
< J -fe'ax , ft^3W»*«rfe-^S!>©az3i7 t -f^tflSffl 

[0043] AM 1 3©rti|!©Y I) iS3iB7 t -i-'^ Y 

F«J *0»* - FH*©Y I) ilS!B7 7 ^ /<*«e 

K7 t ^^OW^S**- FAWH«n«4i. 7 7 
.•<©= TSv* . 1 - 5 0 it mVSK*. btih. m 1 3 
n4«US©£6«:ffil¥l,T:. ^fe^SS©Y 1>^SSQ7 7 ^ 
'<*|BB $4^5 . « t*,>W«!«f ***** 
S#£fcS>tc. gSlm©YI)7T^-'-f*5^3fta. 
[0 04 4] ^*^flafc*. PCM4'C1t454i4. PC 

m- *i©J: 73t ) , ^-BSrtt^Efise. 
St©^7 y XA^e©(«i©»IS[jg!£^ >«rSO, 
[00451 *-St-it. 37-{.'<W*??7>Blr 

^stis. ?-+-7't,feassfl { jK*-*ofe<arsa. 

*^ElHiSaSai6©lSte4-*l0 r -7tf (A.Calvanasta 
s,«t al.,'Use of chirped quasi -phase matched nater 
ials in chirped pulse amplification systsps'U.S.Ap 
plication lto.08/S2Z,967,<&©rtS«»:. COCp^tM. 

[0049] *^(C^S<&©S:S^«tjEi4. CtiM 

[0047] »«:, SM1«, SSfi^SSfiL. 52- 
2. Zum<»J<l> KliiS< IC»*3n&7* A ht>"<* 

x*ffs&*&©e&a-y hicrfttjft, totsmm 
vcommmmsmumi e o » m - 1 . i « m 
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©■■ <>\>z wzwc i>®bt\z 0 mmmit. ? it t o o s i ] y b^tmm^- FmvmvKmt o 

s, t©lEiS£j6-7 r , $ 3 - 5 u mtLtofftgjjyfeis ?<:*!;«:, ffiinifl5S©7 7 ■{ xtm&t ? tit 

Sti-S. WM&&®tMC 7 6 0 si m^(S5 0 0 0 n igfiSft©. -ffift&iMt*. H7iC>n;**i-TV*6© 

-'*7-t£, TM&£^t*Ho?;iS*[i7 7 V ft. 7^ **g2 4 «&A h- 

V. a6K*4j>6A*. *©J:^ft*«BT?. «>KI1 Sfc*.6>ft£. fc&ilWL 1- 6 6noTttfWaEr 

Pfi^ifi<©l 0 ii J *ffl*«.'tJl/^x*.'U«t!-3r4,<95v 77^tl/-f^- Kites £{£ * h-J'aSfe? 

•7r-i><K#®stiz. Bimaam. «an j©**a. it. ^\,>*7Lm>&<oz&Q&*^->%7TAt<c> 

t,-r>-7 * A |.#>f Sft^AEBSSI ©(Sd bfcgi* h - * A^^^sga-Cife-S. 3 $9ft 

WL--C, 1 ii mfH«f{#€>h*. -5 *^?iS*. ©iSofil*. CUT!*, 1. 5 5 Sg^l?©*^^ 

-K^Jl»A4L.-C*«*h. iK-FYbKMft*. fc®fl&«Bgft6. S6fc, 5Ah-M?7^«!> 

«S *ifcH«*tt*»A4toinc»-*- FYbMNBS 2SitiHR©tttt. *?«r(*ftl£&&at>Y l)«&Sl©8« 

J;<5iisl*v- hvwxxfrjWtoBPif*. ©ftSv- FlEBi bT. SSi*- po* 9Yb**l< 

[0 04 8] i'lf^9'5'>-V7*2 0 > TinS5f«JS<ie ltNd7 T -f-'^-tfASSMrtasccgfflSn*. SSb 

S2 lfc£EHf^©7 7<b#7A*-a7-*'>i'7*2 <4S. »»frC«fW SY b V 'J J->&£Sas|&?iSft 
2*i-?Er37^«t'— tf'Mjl.JWEBl9 48**b 29 4. Yb V«J h^jMMKifPSfciOK. HSKJS^^ 

tifcgj£aSanJ^VT^^*iB©-piJi9il36©SMl c K. titfj7T -/-"i3 6tc8s8<Sftfc?-f-77 7 -f 

«C^3nr(,^. iiW-C* ^SfSSS^faiSItSS tirt,^ 9CCJ: -j-CJ^SS^SisflS^jigrttcWAS ft& ; 

m> : gji8Kf£3Ef£©fc»!>K. £i:©7 r *S (,»!*, *- l»7 r < (T.fttonroe.ec al) ©^fr 

6Cttfo*aU©&©£br. ErHNIBfcfc-Pi^ *-K 5, *©J:Vi8EPJ*,Rf*fc#&SM#' 4 084><C1 e 

u-yKji-^ffisroffl^&^ffifcns ; cnm&ux tuxmstixvz. cc-c, yi>77^<3 ot*. as 

[004 9] SM«E>S*WfotJ4l/C. SMldsMBT »SnTl»«> 0-^WcjB^R»taWBte»K« 

fc*3ftrfc9. ?^>i-7 Hfi~>)7T-t><2 4tH JWiSft*. HUKDfcOK. Yl)75-4.'f30«* v ia 

IIU-Cgl?fi«^|gi5-'f'7-Sfi!fS!*- pas *>E r4>* 30 8ICfs?J:-5K. ? Ftf^Sftft. b*> 

U*E r/Yb?T ^^HB2 3«***. CCt\ Ut#&. Kvt «/««i*A*l*it» 

1 . 5 5 // m©iSSS.WCgHlPf S^ii8i2 3 *>*>©<■? KB s J> Y b 7 t U-f fefiton^. -£©J: ^ 

H5SaS«afflS25il->XJS£6«:fi!->-cai]J vE?Jlt9D»*^^*4a-C(,^. E]ftfS*3 

7 5 0nmtlfc©^ft^^it^<ifc8 ! OamK (SSSn*. tf^y^-KSStt. Vf#34*3S(., 

4 Tr-^Ti'V? hSiiS. lpffl?ft*«*«^(t [0052] *-M7T-/^*ffi»\tl*^JtS:il8«: 

1. 3. 1. 5. 2jiauggirC7-?:>i'7 H^fcMjt, iiiUaVAT^4ft<t^BO-C**>. CZVttimtt 

^SSS^&Cif, ffigiiS*S7 50nsi4'?.50 40 7r ^M&a<yAn*«S&. 7 t STSSHSf- 

&. »«KC>14fi|lNHW2 7 tt-P*©A9**»©rf tt¥4MMft« 7-rjg*feA&n4. 

^>tig7tC53iiri»5. [0053] ^jfi-r-S.©fC®^Sf^:fc©it ( C^t/te 

[005 0] fta«i!9v>BB-JiaBi'7 KD&» I»»C(KW&Y1»JIMW*«. *h», ^ 

nattni««e6tt^. *-';7T-{^©3X»Si©iiS^ ^*4Ut. *-V77^n©J:5a#SII©^tlSgS 

Ott. VV4(E>3Kl^lK>(tfnU»T». ft*l'« 3K«4l/ft<,», - ifcttflltt' Yb'OTS (AM'tt 

^b<&ifn«a&ft^. cntt. 2X$fto>mnv a*©Yb*siaa) 4^(c S.'f?-Yu*e«ist'^r 

& «nitft &r. 2 asa-tfosssi/- o j^otaxoim^ \-u <s~ t-fimmistxz. 

0 n mmX'tttmWttbXt^frtyX&h,, 50 YbtS<gS4 0 tfeoec^^ftYbWSiaWSIBDKS 



http://ww6jpdl.mpit.go.jp/tjcontentbsipdl?N0000=20&N0400^inage/gif&N0401=/NSA... 2/7/2008 



Page 1 of 1 



s*vc*9. ccv. «?*u<{*, YbHtua4o\m 

[0054] @9©#©SM1 fit. ©SfCffltyciaiii 
Sft^3WlW#>7Yl>WBH4 0*?nF*#, (& 
©#>e>^J*>.^i?ira<&. Yt>7W/<4 4 
it. S^©fe|Si*T, (pk£*3 1 #*-©fi5#K&&j8 
^feKlSASti*, 77-/ "V? v imm&r 3 7 
it. Y bWfmi/O F<©CJt^*e4gS*/0 Kill* t> 

JL-x^jS^il^tcrs. ?7 a VUtifefrS 7 it* * 

A*S4*4l»t*ft»<- pa 9 ®J&fiE&i|E#2 
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CLAIMS 



[Claim(s)] 

[Claim l]Laser system comprising: 
Spectral band width of 0.3 nm or more. 

A source of seed light which generates a pulse of the wavelength range with about 50 
fs(es) and pulse width during 1 ns of 1-1 . 1 5 micrometers. 

A fiber amplifier for a pulse of a wide bandwidth which outputs a pulse which inputted, 
amplified and amplified this pulse. 

A pump laser for supplying laser energy to this fiber amplifier. 

[Claim 2]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is fiber laser. 

A nonlinear crystal which carries out frequency multiplying of the output of the Raman 
shifter which inputs an output of this fiber laser, and this Raman shifter. 

[Claim 3]Said Raman shifter is a fiber of a silica base which carries out upper part 
conversion in a spectral range longer than 2000 nm, and further a radiation wavelength of 
said fiber laser said nonlinear crystal, Then, laser system about claim 2 which carries out 
lower part conversion of this wavelength by which upper part conversion was carried out 
in a 1000-1 500-nm spectral range. 

[Claim 4]Laser system about claim 2 whose wavelength alignment curve of a nonlinear 
crystal is below a center wavelength of an output of the Raman shifter. 
[Claim 5]Laser system about claim 2 which has an amplification fiber with rare earth 
amplification ion selected since said Raman shifter generated a pulse of a non- 
amplification fiber or refractive index distribution, and the wavelength range of about 600- 
5000 nm. 

[Claim 6]A silica Raman shift fiber which said source of seed light inputs an output of Er 
fiber laser and this Er fiber laser, and is outputted to said fiber amplifier, Laser system 
about claim 1 in which it has a fluoridation Raman shifter which inputs said amplified 
pulse, and said fiber amplifier is a Tm fiber amplifier. 

[Claim 7]Laser system about claim 6 which has further a nonlinear crystal which inputs an 
output of a fluoridation Raman shift fiber so that frequency multiplying theory may be 
performed. 

[Claim 8]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is Er fiber laser. 

The Raman shifter which inputs a frequency multiplying output of a nonlinear crystal 
which inputs an output of this Er fiber so that frequency multiplying theory may be 
performed, and this nonlinear crystal. 

[Claim 9]Laser system about claim 8 which said source of seed light is passive mode 



locking fiber laser, and is a HORI fiber used in order for said Raman shift fiber to carry out 
the Raman shift of the frequency multiplying output of a nonlinear crystal to the 
wavelength range of about 750 to about 1050 nm. 

[Claim 10]An amplification fiber with rare earth amplification ion which said source of 
seed light is passivity type mode locking fiber laser, and is different from a series of non- 
amplification fibers and different refractive index distribution, Laser system about claim 8 
used in order to carry out the Raman shift of the frequency multiplying output of said 
nonlinear crystal to the wavelength range of about 750 to about 5000 nm. 
[Claim 1 l]Laser system about claim 1 with which said source of seed light has passivity 
type mode locking fiber laser. 

[Claim 12]Laser system about claim 1 1 in which said passivity type mode locking fiber 
laser is Yb fiber laser. 

[Claim 13]Laser system about claim 1 1 in which said passivity type mode locking fiber 
laser is Nd fiber laser. 

[Claim 14]Laser system about claim 1 1 in which said passivity type mode locking fiber 
laser is in many modes. 

[Claim 15]Laser system about claim 14 in which said passivity type mode locking fiber 
laser is polarization maintenance. 

[Claim 16]Laser system about claim 1 1 in which said passivity type mode locking fiber 
laser is polarization maintenance in a single mode. 

[Claim 17]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is fiber laser. 

A frequency shift fiber which inputs an output of this fiber laser and outputs an anti-stokes 
blue shift output. 

[Claim 18]Laser system about claim 17 in which said fiber laser is Er, Er/Yb, or Tm fiber 
laser. 

[Claim 19]Laser system about claim 1 which generates a pulse to which said source of 
seed light induces generation of a parabolic pulse with said fiber amplifier. 
[Claim 20]Laser system about claim 19 which has further a coupler of said source of seed 
light, and said fiber amplifier which does, combines this source of seed light with this fiber 
amplifier, and has an optical fiber 1 km or less in length. 

[Claim 21]Laser system about claim 1 which has further the optical supply fiber combined 
with an output of said fiber amplifier. 

[Claim 22]Laser system about claim 21 chosen from a group which said optical supply 
fiber becomes from one number mode fiber connected to a HORI fiber, one number mode 
fiber and 1, or two single mode fibers. 

[Claim 23]Laser system about claim 22 in which said source of seed light generates a pulse 
shorter than lOOps so that generation of a parabolic pulse may be induced with said fiber 
amplifier, and said fiber amplifier has a larger profit than 10 further. 
[Claim 24]Laser system about claim 23 which has further a pulse dilator which outputs a 
pulse which extended this pulse dispersively when just right, and this extended it in 
response to a pulse from said source of seed light to said amplifier. 



[Claim 25]Laser system about claim 24 which is the thing that it has a pulse compressor 
which compresses said amplified pulse in time, and this pulse compressor outputs a 
bandwidth marginal pulse about, as for distribution of this pulse compressor. 
[Claim 26]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is Tm or Ho fiber laser. 

A nonlinear crystal which inputs an output of this Tm or Ho fiber laser, and performs 
frequency multiplying theory. 

[Claim 27]Laser system about claim 1 by which either Yb or Nd is added as for said fiber 
amplifier. 

[Claim 28]Laser system about claim 1 which has further a pulse compressor for 

compressing an amplified pulse about in time to a bandwidth limit. 

[Claim 29]Laser system about claim 1 which is the semiconductor laser in which direct 

modulation of said source of seed light was carried out. 

[Claim 30]Laser system comprising: 

A source of seed light which generates a pulse of the wavelength range with larger spectral 
band width, about 50 fs(es), and pulse width during 1 ns than 0.3 nm of 1-1.15 
micrometers. 

A pulse dilator which outputs a pulse which extended this pulse dispersively when just 
right, and this extended it in response to this pulse. 

A clad pump fiber amplifier which has a bigger profit than 10, and amplifies and outputs it 
in response to a this extended pulse to a pulse of a wide bandwidth. 
A pulse compressor which inputs a pulse [ this ] amplified and extended and compresses 
them in time to a bandwidth limit about. 

[Claim 31 ]Laser system about claim 30 in which said pulse dilator has a fiber 1 km or less 
in length. 

[Claim 32]Laser system about claim 30 in which said pulse dilator has a HORI fiber. 
[Claim 33]Laser system about claim 30 in which said pulse dilator has one minority mode 
fiber. 

[Claim 34]Laser system about claim 30 in which said pulse dilator has one minority mode 
fiber joined together with a single mode fiber of 1 or a large number. 
[Claim 35]Laser system about claim 30 in which said pulse dilator has a single mode fiber 
1 km or less in length. 

[Claim 36]Laser system about claim 30 which has a fiber in which said pulse dilator has 
W-like refractive index profile. 

[Claim 37]Laser system about claim 30 which has a fiber in which said pulse dilator has a 
multi-clad refractive index profile. 

[Claim 38]Laser system characterized by comprising the following about claim 30. 

One fiber in which said pulse dilator has the 3rd negative distribution. 

A linearity chirp fiber diffraction grating with negative secondary distribution. 

[Claim 39]Laser system characterized by comprising the following about claim 30. 



Said pulse dilator is a linearity chirp fiber diffraction grating. 

One or more fiber transmission gratings which have a value which can choose the 3rd high 
order distribution so that high order distribution may be compensated with a pulse 
compression means. 

[Claim 40]Two or more additional fiber amplifiers connected between said pulse dilator 
and said pulse compressor, A fiber coupling machine which has an optical fiber 1 km or 
less in length, and combines said source of seed light with the first one of the additional 
amplifiers of this plurality, Laser system about claim 30 which has further two or more 
pulse collection means arranged whether they are before this fiber amplifier, after an 
additional fiber amplifier of this plurality or middle of one of these amplifiers, and 
******** 

[Claim 41] An amplifier which operates with a source of seed light which generates a pulse 
of the wavelength range with larger spectral band width characterized by comprising the 
following than 0.3 nm, about 50 fs(es), and pulse width during 1 ns of 1-1.15 micrometers, 
at least one front path, and one back path. 

A clad pump fiber amplifier of a pulse sake of a wide bandwidth amplified and outputted 
in response to this pulse. 

An optical modulator arranged between a pump laser for supplying laser energy to this 
fiber amplifier, one front path of this amplifier, and one back path. 

[Claim 42] With two or more additional fiber amplifiers here at least one and two or more 
additional fiber amplifiers, . Operate with at least one front path and one back path. Laser 
system about claim 41 which has further a mode filter which penetrates preferentially 
dominant mode of an amplifier arranged after a path of the beginning of at least one 
aforementioned fiber amplifier which operates with at least one front path and one back 
path, and two or more additional fiber amplifiers. 

[Claim 43]Laser system about claim 42 which has further one pulse collection machine 
arranged between at least one front path and one back path. 

[Claim 44] A pulse light source which operates with a bigger output wavelength than 2 
micrometers, comprising: 

A source of seed light which outputs a pulse of short pulse width. 

The first fiber Raman shifter which inputs this pulse and generates this output wavelength. 

[Claim 45]A pulse light source about claim 44 which has further at least one additional 

fiber Raman shifter connected to said first fiber Raman shifter, and two or more fiber 

amplifiers connected by turns between these fiber Raman shifters. 

[Claim 46]A pulse light source selected below at Raman-spectrum element-center 

wavelength of a seed pulse by which was been a pulse light source about claim 45 which 

has further the multiplying crystal connected to one of the last of said fiber Raman shifter, 

and the Raman shift of the wavelength alignment curve of this nonlinear crystal was 

carried out, and it was amplified. 

[Claim 47]A lightwave pulse light source comprising: 



Passivity type mode locking fiber laser. 

Yb amplifier for amplifying an output of this fiber laser. 

[Claim 48] A lightwave pulse light source about claim 47 in which said passivity type 

mode locking fiber laser has Yb fiber laser. 

[Claim 49]An optical-communications subsystem comprising: 

A pure normal dispersion fiber light amplifier connected to an optical fiber penetration line 
with a profit of lOdB/km or less, and a comprehensive profit of not less than 10 dB. 
A dispersion compensation element arranged on this optical fiber penetration line, and a 
light filter arranged on this optical fiber penetration line. 

[Claim 50]An optical-communications subsystem comprising: 

A pure normal dispersion fiber light amplifier connected to an optical fiber penetration line 

with a profit of 3dB/km or less, and a comprehensive profit of not less than 20 dB. 

A dispersion compensation element arranged at an end of an optical fiber penetration line. 

[Claim 51] A quantity of self-phase modulation received by a lightwave pulse which is an 
optical-communications subsystem and penetrates this optical fiber penetration line 
characterized by comprising the following is an optical-communications subsystem with 
more normal-dispersion-optical-fiber element also to a twist at a **** dispersive device. 
A normal-dispersion-optical-fiber element connected to an optical fiber penetration line. 
A **** dispersive device too connected to an optical fiber penetration line. 

[Claim 52]An optical-communications subsystem with which said negative dispersive 
devices were enumerated by claim 5 1 which has a chirp fiber diffraction grating. 
[Claim 53]Quantity of self-phase modulation received by a lightwave pulse which is an 
optical-communications subsystem and penetrates an optical fiber penetration line 
characterized by comprising the following. It is an optical-communications subsystem with 
more HORI fiber also to a twist at a **** dispersive device. 
Two or more HORI fibers with pure normal dispersion connected to an optical fiber 
penetration line. 

Two or more **** dispersive devices too connected to an optical fiber penetration line. 

[Claim 54]An optical-communications subsystem with which it is an optical- 
communications subsystem which inputs a pump train of impulses with length for 10 or 
less ns, also inputs a lightwave signal, amplifies, and has an optical Raman amplifier fiber 
to output, and this lightwave signal spreads this Raman amplifier fiber to a counter 
direction about a pump pulse. 

[Claim 55]An optical-communications subsystem about claim 54 aligned by alignment 
operation in which said optical Raman amplifier is carried out by said pump pulse. 
[Claim 56]An optical-communications subsystem characterized by comprising the 
following about claim 55. 

A source of seed light which outputs a lightwave pulse. 



A modulator which modulates this lightwave pulse. 

The Raman shifter fiber which inputs a modulated this lightwave pulse. 

A Raman amplifier which inputs an output of this Raman shifter fiber. 

[Claim 57]An optical-communications subsystem about claim 56 including that said 
alignment operation modulates at least one of power of this seed pulse, wavelength, and 
the width before said seed pulse is poured into said Raman shifter fiber. 
[Claim 58]Laser system about claim 9 which is a HORI fiber which changes on 
wavelength so that said Raman shift fiber may optimize said Raman shift in a meaning 
with distribution. 

[Claim 59]Laser system with which this seed pulse is generated and this fiber amplifier is 
formed so that it may be laser system and a pulse made with this fiber amplifier may be 
parabolic, comprising: 
A light source of a seed pulse. 

A fiber amplifier which inputs and amplifies this seed pulse. 

[Claim 60]Laser system which is laser system and generates a pulse to which the source of 
seed light induces parabolic pulse form Shigeru with this fiber amplifier, comprising: 
A light source of a seed pulse. 

A fiber amplifier which inputs this seed pulse, amplifies and outputs an amplified pulse. 

[Claim 61]Laser system with which this seed pulse is generated and this fiber amplifier is 
formed so that it may be laser system and a pulse made with this fiber amplifier may be 
parabolic, comprising: 
A light source of a seed pulse. 

A fiber amplifier which outputs a pulse which inputted, amplified and amplified this seed 
pulse. 

[Claim 62] An optical-communications subsystem comprising: 
A light source of a lightwave pulse of different wavelength. 

A means to correct dynamically a degree of a Raman shift experienced in each of this 
different **** wavelength. 

[Claim 63 improvement which has at least one Raman shifter in an optical fiber 
communications system of a type which has a fiber light carrier circuit which conveys a 
lightwave signal of different wavelength, and at least one fiber laser amplifier which 
imposes a profit which is different to a signal of this different **** wavelength. 
[Claim 64]A source of seed light characterized by comprising the following for laser 
system. 

Fiber laser which generates a pulse output. 

A nonlinear crystal which carries out frequency multiplying of the output of the Raman 
shifter which inputs a pulse output of this fiber laser, and this Raman shifter. 



[Claim 65]A source of seed light characterized by comprising the following for which 
claim 64 was asked. 

A heavy current nature optical material in which said nonlinear crystal was chosen from a 
group which consists of PPLN, PP lithium tantalate, PP MgO:LiNb0 3 , and PP KTP and 
which carried out the pole periodically. 

A crystal in which a KTP isomorph carried out the pole periodically. 

[Claim 66] A source of seed light which is a source of seed light for which claim 65 was 
asked, and is selected in order that the section of said nonlinear crystal may control the 
pulse length of a pulse output of this source of seed light. 

[Claim 67] A source of seed light which is controlled by an output wavelength of said 
nonlinear crystal controlling temperature of this nonlinear crystal and for which claim 65 
was asked. 

[Claim 68]A distribution system for fiber laser systems characterized by comprising the 
following which operates in parabolic pulse organization. 
A supply fiber. 

W-fiber for compensating the 3rd distribution of a diffraction grating type pulse 
compressor and this pulse compressor. 

[Claim 69]Dispersion compensation arrangement for fiber laser amplification systems 
characterized by comprising the following which operates in parabolic pulse organization. 
A pulse dilator which is arranged in front of an amplifier stage of this system, and contains 
at least one negative 3rd distribution generator child. 

A pulse compressor arranged after this amplifier stage in order to have the 3rd positive 
distribution that cancels distribution introduced by this dilator and to compensate 
secondary distribution. 

[Claim 70]Dispersion compensation arrangement for fiber laser amplification systems 
characterized by comprising the following which operates in parabolic pulse organization. 
A pulse dilator containing at least one Bragg fiber diffraction grating and a fiber 
transmission grating for being arranged in front of an amplifier stage of this system, and 
generating at least one positive secondary distribution generator child and the 3rd 
distribution [ 4th ]. 

A pulse compressor arranged after this amplifier stage in order to have the 3rd positive 
distribution that cancels distribution introduced by this dilator and to compensate 
secondary distribution. 

[Claim 71] A wavelength variable Raman amplifier comprising: 
A light source of a femtosecond organization seed pulse. 

A Raman shift fiber which carries out a wavelength shift in response to this seed pulse in 
order to form a pump pulse. 

A Raman amplifier fiber into which this pump pulse and two or more signal wave long 
pulses spread to a counter direction were poured. 



A means to modulate at least one of power of this seed pulse, wavelength, and the width in 
order to carry out wavelength alignment of this pump pulse and to align a center 
wavelength of Raman gain of this Raman amplifier. 

[Claim 72]An amplifier by which wavelength alignment is carried out with a time period 
below signal pulse crossing time of this Raman amplifier so that it may be the amplifier for 
which claim 71 was asked and said pump pulse may double said signal pulse with an 
effective correction Raman gain spectrum. 
[Claim 73]Wavelength variable laser system comprising: 

Fiber laser which generates a pulse output with pulse width for 1 or less nanosecond, 
distribution -- a little ~ or ~ a HORI fiber which changes on wavelength so that 
wavelength alignment may be optimized. 

[Claim 74]Are wavelength variable laser system characterized by comprising the following, 
are in wavelength tuning range, and this HORI fiber, Wavelength variable laser system in 
which negative secondary distribution is shown, it has secondary distribution zero to an 
input pulse light source on wavelength of less than 300 nm, and an absolute value equal to 
an absolute value of the 3rd material dispersion of silica or the 3rd distribution not more 
than it is shown. 

Fiber laser which generates a pulse output. 

distribution - a little ~ or ~ a HORI fiber which changes on wavelength so that 
wavelength alignment may be optimized. 

DETAILED DESCRDPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 1. The wavelength selection of the invention of ****** of 
an invention is possible, it is compact, it is a module type and this super-short laser pulse 
light source is a fundamental component [ in / about an efficient high-power super-short 
laser pulse light source / industrial use of ultra high-speed laser technique ]. 
[0002]2. It is recognized as the description fiber laser of a pertinent art having given the 
effective medium for ultrashort pulse generating for a long time until now. However, such 
[ until now ] a system, . Mainly have the option restricted to wavelength variable nature, 
and the minimum pulse width that can be attained has a limit. The Bragg diffraction (chirp 
was carried out) lattice which wavelength shifted dynamically. The pulse from which the 
used instantaneous frequency changes. (Pulse which carried out the chirp). Were based on 
amplification. (A. Galvanauskas and M.E. Fermann, 'Optical Pulse Amplification using 
Chirped Bragg Gratings, 'United States Patent,No.5,499,) 134) . The Bragg diffraction 
lattice which carried out the chirp has developed into the device which can be obtained 
very widely, and in a Bragg diffraction lattice a chirp, Linearity or in order to compensate 
distribution of the arbitrary order within a chirp pulse amplification system, Nonlinear, . 
Skill is also designed. (A. Galvanauskas et al./Hybrid Short-Pulse Amplifiers with Phase- 



MismatchCompensated Pulse Stretchers and Compressors',U.S.) Patent No.5,847,863 and 
this chirp pulse amplification system are important for generating of pulse ** made 
shortest for a bandwidth restriction pulse, i.e., the pulse bandwidth of the given spectrum. 
[0003 ]In order to maximize the power of an optical fiber, and the limit of energy, using 
chirp pulse amplification, Although it is clearly desirable, the demand (the Bragg 
diffraction lattice needs to operate by reflection rather from a penetration, in order to give 
the possible highest distribution) of system integration directs use of such a standard chirp 
pulse amplification system simultaneously. As a substitute of chirp pulse amplification, . 
The high-power pulse amplification in the multimode fiber amplifier was proposed. (M. E. 
Fermann and D. Harter,'Single-mode Amplifiers and Compressors Based on Multi-mode 
Optical Fibers',UnitedStates ) Patent, No. 5,8 18,630. What [ soliton Raman compression 
with a fiber amplifier is used for as a substitute of chirp pulse amplification ], Or generally, 
The pulse compression in the inside of a nonlinear fiber amplifier. . Using it was proposed. 
(M.E. Fermann, A.Galvanauskas and D.Harter, Apparatus and Method for the Generationof 
High-power Femtosecond Pulses from a ) Fiber Amplifier 1 , United States Patent, 
No.5,880,877. 

[0004]Clearly, use of a multimode fiber is combined with chirp pulse amplification and 
soliton Raman compression in order to improve the performance of such a system further. 
However, the pulse form-like controlling method for optimizing the whole system 
performance further till today was not described at all. Similarly, using a self-phase 
modulation for the dilator portion of such a chirp pulse amplification system was not 
proposed. 

[0005]What a fiber dispersion delay line is used for jointly with a bulk optical compressor 
as a compromise of miniaturization of a system, and high-energy-izing, It is advantageous 
and at least, Partial integration of a high-energy fiber laser system. . Bring. (M.E.Fermann 
A.Galvanauskas and D.Harter: All fiber souce of 100 nJ sub-picosecond 
pulse',Appl.Phys.Lett.,vol.64,1994,pp.) 1315-1317. However, in order to repress a pulse to 
near the bandwidth limit till today, the effective method of controlling higher order 3rd 
distribution [ 4th ] in the combination of a dilator and a compressor was not developed at 
all. 

[0006]By using the single mode erbium amplifier of a high-profit normal dispersion (non 
soliton is made to maintain) silica base as a substitute of chirp pulse amplification 
combining a bulk prism compressor, Effective pulse compression. If obtained. It says. 
Before **. Proposed (K.Tamura and M.Nakazawa, 'Pulse Compression by Nonlinear Pulse 
Evolution with Reduced Optical Wave Breaking in Erbium- Doped Fiber Amplifiers, 
'Opt.Lett, Vol.21, p.68 (1996). However, the thing for which this art is used jointly with 
the erbium amplifier of a silica base, Because it is a problem, it is because the demand for 
normal dispersion restricts fiber core size to about 5 microns, or negative material 
dispersion governs positive waveguide dispersion and the whole is made into negative 
fiber dispersion. Similarly, the multimode fiber of a silica base had negative distribution on 
erbium amplifier wavelength, and has barred using them for effective pulse compression. 
Thus, the core size to which the normal dispersion erbium amplifier was limited decreases 
greatly the pulse energy which can be attained. 



[0007]The method of performing an additional spectrum expansion and pulse 
amplification after one erbium amplifier was not shown by Tamura and others. The 
method of making the performance of a prism pulse compressor similarly optimize, in 
order to compensate distribution of an erbium amplifier was not taught by Tamura and 
others. 

[0008]Using a non-amplifying optical fiber jointly with a bulk diffraction grating 
compressor as another substitute of chirp pulse amplification was proposed (D. 
Grischkowsky et al.and J.Kafka etal., U.S. Patent No.4,750,809). However, since there is 
no profit in such a system, high pulse energy must be combined with a nonlinear optical 
element in order to obtain high-output power, and the peak power characteristic of a 
system is reduced. It did not argue about the method of compensating higher order 
distribution with such optical arrangement, but it has restricted the implementability of this 
approach greatly. The spectrum breadth with a linearity chirp is obtained without 
controlling the shape of a pulse form in the input to such a system only with the input 
control power limited dramatically. Kafka and others did not argue about control of input 
pulse shape. Similarly, in order to acquire the shortest possible pulse jointly with a bulk 
diffraction grating compressor, the secondary distributed control [ 3rd ] in such a nonlinear 
optical element were needed, but Kafka and others did not argue about this, either. 
[0009]The chromatism compensation in the light wave signal (low power) which uses 
chromatism into another (distributed-compensation) waveguide device, In order to 
optimize the performance of a telecommunication system. It was introduced 
(C.D.Poole,'Apparatus of compensating chromatic dispersion in optical fibers, 'US Patent 
No. 5, 185,827).). However, in the case of a high-power pulse light source, the self-phase 
modulation introduced by the distributed-compensation waveguide device bars those 
effective use. In order that the system about which Pool argued may absorb higher mode 
selectively in a distributed-compensation waveguide device, in order [ or ] to amplify 
dominant mode selectively in a distributed-compensation waveguide device ~ a mode 
converter — and — or jointly with a rare earth added fiber, it only operates. The method of 
compensating distribution of the high-power lightwave pulse under existence of a self- 
phase modulation was not taught at all, and the method of carrying out a distributed- 
compensation waveguide without a mode converter was not proposed at all. 
[0010]Instead of using a mode converter and higher mode, [******] The refractive index 
profile of W-style. . The fiber which it has is known. (B.J.Ainslie and C.R.Day, 'A review 
of single-mode fibers with modified dispersion characteristics';J.Lightwave Techn.,vol.) 
LT-4, No.8, pp.967-979-1988. However, it did not argue about the use of such a fiber 
design to a high-power fiber chirp pulse amplification system. 

[001 l]In order to make efficiency of an ultra high-speed fiber amplifier into the maximum, 
Use of Yb fiber amplifier was proposed (D. "Broad-bandwidth pulse amplification to the 
lOmicroj level). [ T.Walton, J.Nees and G.Mourou, ] in an ytterbium-doped 
germanosilicate fiber, "Opt.Lett., vol.21, no. 14, and pp.1061 (1996) ~ however, Although 
the research by Walton and others adopted argon laser-pumps Ti: sapphire laser as 
excitation of Yb addition fiber, it not only adopts mode locking Ti:sapphire laser as a light 
source of a signal pulse, but, Efficiency is [ this ] bad and clearly incompatible with a 



compact apparatus dramatically. Although it was not proposed at all, i.e., the lOOfs pulse 
from Ti:sapphire laser was combined with Yb amplifier through a single mode fiber 
distribution delay line 1.6 km in length, the method of controlling the phase of a lightwave 
pulse by an amplification process, A big phase distortion by the high order distribution 
which restricts greatly that this delay line applies a system to ultra high-speed 
amplification is started. In order to induce a quality high-power parabolic pulse in Yb 
amplifier, the seed pulse of the range of 200-400fs is more preferred to Yb amplifier of the 
length which is 2 or 3 m than to it. Use of the single mode Yb addition fiber amplifier by 
Walton and others restricts the energy of Yb amplifier, and the limit of power still more 
greatly. Although use of the multi-mode Yb addition fiber was proposed by U.S. 
application No. 09/3 17,221 by which the contents were incorporated here as a reference, 
the small ultrashort pulse light source which is compatible with Yb amplifier remained, 
while it had been unclear. 

[0012]The Hiroyoshi strange pulse Yb-fiber laser included in an active light modulation 
mechanism, . Were described recently. (J.Porta et al.,'Environmentally stable picosecond 
ytterbium fiber laser with a broad tuning range',Opt.Lett.,vol.23,pp.615) -617 (1998). 
Although this fiber laser has provided the tuning range in the profit bandwidth of Yb about, 
applying that laser to ultra high-speed optics is restricted by the comparatively long pulse 
generated by that laser. The bandwidth of the pulse which the active mode locked laser 
generally generated the pulse longer than a passive mode locked laser, and was generated 
in the case of this actual condition has the minimum pulse width of 5ps, and is [ whether it 
is small and ] 0.25 nm. 

[0013]The extensive wavelength variable fiber laser light source which used the Raman 
shift jointly with the frequency conversion in the inside of a nonlinear crystal was 
described recently. (M.E.Fermann et al.,US Patent No.5,880,877 and N.Nishizawa and 
T.Goto,"Simultaneous Generation of Wavelength Tunable Two-) Colored Femtosecond 
Soliton Pulses Using Optical Fibers, "PhotonicsTechn.Lett, vol.11, no. 4, pp421-423 
reference. The eternal Raman shifter is proposed spatially fundamentally and, as a result, 
the wavelength variable range is restricted to 300 to 400 nm (refer to Nishizawa et al.). The 
application which a Raman shift continues, and no methods of making the minimum the 
noise of an advanced nonlinear system based on the nonlinear frequency conversion in a 
nonlinear optical crystal are known. The system described by Nishizawa and others was 
connected with the comparatively complicated low power polarization control erbium fiber 
oscillator amplified with the additional polarization control erbium fiber amplifier for 
seeding the Raman shifter. No methods of making possible the Raman shift of the 
frequency multiplying output from Er fiber laser are described. 
[0014]The Raman shifter which is a pulse from a high-power fiber oscillator, or was 
directly seeded by the pulse by which frequency conversion was carried out from the high- 
power fiber oscillator is clearly preferred. Such a fiber oscillator, These days multimode 
optical fiber. . Were used and described. (M.E.Fermann, 'Technique for mode-locking of 
multi-mode fibers and the construction of compact high-power fiber laser pulse ) sources', 
U.S. serial number 09/199,728. However, the method of changing the frequency of an 
oscillator which used the Raman shift after that is not proved till today. 



[0015] 

[Summary of the Invention] Therefore, the purpose of this invention is to be easy to 
modularize and to provide small size, an extensive wavelength variable, a high peak, high 
average power, and low noise ultra high-speed fiber amplification laser system. 
[0016J1) The source of short pulse seed light, 2 extensive bandwidth fiber amplifier, 3 
distribution short pulse expansion element, 4) a distributed pulse compression element, 5 
nonlinear frequency conversion element, the optic for 6 fiber distribution, and ** -- it is 
another purpose of an invention to ensure modularization of a system by using various 
easily exchangeable optical systems [ like ]. The proposed arbitrary modules may be 
constituted by the exchangeable low rank set of an optical system. 
[0017]It is another purpose of an invention that the distributed delay line integrated highly 
and the effective fiber amplifier by which the pump was carried out directly or indirectly 
by the diode laser ensure the miniaturization of a system by using it. The high-peak-power 
characteristic of a fiber amplifier is using the optimized shape of a pulse form of parabolic 
or others, and is expanded greatly. Jointly with self-phase modulation, a parabolic pulse 
enables generating of a large bandwidth and a high-peak-power pulse, and distributed 
pulse extension controlled well. The high gain which operates on the wavelength which is 
positive has the single material dispersion of a fiber, or a high-power parabolic pulse is 
generated with a multimode fiber amplifier. 

[0018]or [ that a parabolic pulse is distributed along with considerable fiber length also 
under existence of self-phase modulation or general Kerr effect type optical nonlinearity ] - 
- or it is spread and a pulse chirp [ enough linearity ] is caused. At the end of such fiber 
distribution or a fiber propagation line, a pulse is about compressed to a bandwidth limit. 
[0019]The high energy characteristic of a fiber amplifier is greatly expanded by using 
chirp pulse amplification jointly with a parabolic pulse or other shape of optimal pulse 
form, and the shape of the pulse form makes possible much [ without degradation of pulse 
quality ] self-phase modulation. The chirp pulse amplification system integrated more by 
the altitude, It is made from using the nonlinear crystal (the pole was carried out) which 
connects a bulk optical pulse compressor (or low nonlinearity Bragg diffraction lattice) or 
pulse compression to frequency conversion and which arranged the orientation of the dye 
molecule periodically, without spoiling the high energy characteristic of an optical fiber. 
[0020]Distribution with a fiber pulse dilator and a bulk optical compressor is incorporating 
a fiber pulse dilator with the secondary distribution [ 3rd / 4th ] that can be adjusted, and 
suits the phase of the order of 1/4. The high order distribution which can be adjusted is 
obtained using a high numerical aperture single mode fiber with the refractive index 
distribution which is itself or was optimized by using a standard stair-like refractive-index- 
distribution (step index) high numerical aperture fiber jointly with a linearity chirp fiber 
diffraction grating. Or high order distribution is using a nonlinear chirp fiber diffraction 
grating or a linearity chirp fiber diffraction grating jointly with a transmission type fiber 
diffraction grating, using the dispersion property of the higher mode in the number mode 
fiber of a high numerical aperture, and is controlled. The 4th distribution that can be 
adjusted is using the fiber which controls the chirp of a fiber Bragg diffraction grating and 
a transmission type fiber diffraction grating, and has the secondary distribution [ 3rd / 4th ] 



of a different rate, and is obtained. Similarly, high order distribution is obtained by using 
the nonlinear crystal which carried out the pole periodically. 

[0021]A fiber amplifier is seeded with the short-pulse-laser light source which carried out 
the form of the short pulse fiber light source preferably. In the case of Yb fiber amplifier, 
the frequency multiplying short pulse Er fiber laser light source which carried out the 
Raman shift is mounted as a source of extensive wavelength variable seed light. In order to 
make the noise of the frequency conversion from 1.5 micrometers to 1.0 micrometer into 
the minimum, the self— restriction Raman shift of Er fiber laser pulse light source is used. 
Or the noise of a nonlinear frequency conversion process is minimized by carrying out 
self— limit frequency multiplying. The center wavelength of the alignment curve of a 
multiplying crystal is shorter than the center wavelength of the Raman shift pulse. 
[0022]The process of a Raman shift and frequency multiplying can also be made reverse, 
there, frequency multiplying of the Er fiber laser is carried out first, after that, it is the 
optimized fiber which is alike and receives and gives soliton maintenance distribution, and 
a Raman shift is carried out to the wavelength of around 800 nm, and the higher 
wavelength for building the 1 -micrometer source of seed light for wavelength organization. 
[0023]Mode locking Yb fiber laser is used as a substitute of the source of low-complicated 
seed light for Yb amplifiers. Fiber laser is designed so that the pulse which carried out the 
chirp strongly may be made, and in order that a light filter may select the seed pulse close 
to the bandwidth limit for Yb amplifiers, it is combined. 

[0024] Since a parabolic pulse is transmitted along with sufficient fiber length, the pulse is 
used also for a fiber optics communications system. In this system, the parabolic pulse 
generated with the outside pulse light source is transmitted. Or a parabolic pulse is 
generated also a transmission process. In the latter case, a harmful operation of the optical 
nonlinearity in transmission systems is generally minimized by mounting a long 
distribution pattern and normal dispersion light amplifier. Such an amplifier has a profit of 
a length of at least 10 km, and lOdB/km or less. All the profits per amplifier should exceed 
10 dB, in order to utilize the start of the parabolic pulse forming for minimization of a 
harmful operation of optical nonlinearity. Chirp compensation of a transmission line is 
using a chirp fiber Bragg diffraction grating also for the end of the transmission line as 
meeting a fiber transmission line, and is usually carried out. An optical bandwidth filter is 
further mounted for bandwidth control of the transmitted pulse. 
[0025]The wavelength variable pulse light source based on the Raman shift of the short 
pulse in an optical fiber is useful at many application, for example, a spectroscopic analysis. 
However, a very attractive device is made from applying a Raman shift to manufacture of 
the wavelength variable fiber Raman amplifier for telecommunication systems. In this 
wavelength variable system, the pump pulse which carried out the Raman shift gives 
Raman gain for the variable wavelength range, and is shifted to red about a pump pulse. 
The shape of the Raman gain spectrum is modulating the pump pulse which carried out the 
Raman shift, and is controlled. [0026] 

[Detailed explanation of the submitted example] The system chart where the invention was 
generalized is shown in drawing 1 . The pulse generated in the source 1 (seed module; SM) 
of laser seed light is combined with the pulse extension module 2 (PSM), and, as for a 



pulse, time is extended dispersively there. The extended pulse is combined with the 
dominant mode of the Yb fiber amplifier 3 (an amplifier module, AMI) by which the clad 
pump was carried out, and a pulse is amplified at least 10 times there. Finally, it is 
combined with the pulse compressor module 4 (PCM), and a pulse is mostly compressed in 
time to near the bandwidth limit there. 

[0027]the example shown in drawing 1 is a module type — **, four subsystem;SMl, PSM2, 
AM13, PCM4, ** and others As indicated in the another example, of course, a subsystem 
is used for different shape, even when it is individual. 

[0028]Hereafter, an argument relates to a SM-PSM-AM1-PCM system. SMI has a 
femtosecond pulse light source (source 5 of seed light) preferably. PSM has the one fiber 6 
preferably and combination between SM and PSM is preferably performed by weld. The 
output of PSM is preferably poured into the dominant mode of the Yb amplifier 7 inside 
the AMI module 3. combination ~ the bulk optical imaging system between weld, a fiber 
coupling machine, or PSM2 and the fiber amplifier 7 - it is carried out by coming out. All 
the fibers are preferred and a polarization maintenance type is chosen. PCM4 has 
preferably a distributed delay line formed by one or two bulk optical diffraction gratings 
for the reason for a miniaturization. Or many bulk optical prisms and Bragg diffraction 
lattices are used for PCM4. Combination to PCM4 is performed by the bulk optical lens 
system as described by drawing 1 with the single lens 8. In the case of PCM containing a 
fiber Bragg diffraction grating, a fiber pigtail is used for the combination to PCM. 
[0029]As an example of the source of femtosecond laser seed light, Raman-shift-frequency 
multiplying Er fiber laser is shown in SMlb of drawing 2 . The femtosecond laser 9 is a 
commercial high energy soliton light source (IMRA America, Inc., Femtolite B-60TM) 
which supplies a 200fs pulse on the wavelength of 1.57 micrometers and in which it 
supplies the pulse energy of InJ with the repeating cycle of 50 Hz. 
[0030]For the optimal Raman shift to a 1.5 to 2.1 -micrometer wavelength area, reducing 
core ** (it taper-ized) is performed to the longitudinal direction of the polarization 
maintenance Raman shift fiber 10. Reduction of core ** is needed in order to maintain the 
secondary distribution by the Raman shifter to near the zero (however, negative) in the full 
wave length range up to 1.5 to 2.1 micrometers. By keeping it small, the absolute value of 
secondary distribution is minimized by the pulse width within the Raman shifter, and it this, 
Maximization of the Raman frequency shift is brought about (J. P.Gordon, "Theory ofthe 
Soliton Self-frequency Shift, "Opt.Lett, 1 1,662 (1986)). Without taper-izing, generally the 
Raman frequency shift is restricted to around 2.00 micrometers, and these 2.00 
micrometers are not in agreement with the profit bandwidth of Yb fiber amplifier after 
frequency multiplying. 

[0031]In this special example, the two-step Raman shifter 10 which consists of a silica 
Raman' fiber (it is a single mode at 1.56 micrometers) of length (30m and 3m) which has 
core ** (6 micrometers and 4 micrometers), respectively is mounted. When the beginning 
of the infrared-absorption end of silica is 2.0 micrometers, it is advantageous to increase 
the taper-ized rate to the terminal direction of the Raman shifter 10. In the present example, 
not less than 25% of the conversion efficiency from 1.57 micrometers to 2.10 micrometers 
is acquired. Better conversion efficiency is acquired by mounting a single taper-ized fiber 



with core ** which changes smoothly more using many fibers with core ** which changes 
smoothly. 

[0032]Frequency conversion to the 1.05-micrometer field of the pulse which carried out 
the Raman shift is performed by the LiNb03 (PPLN) crystal 1 1 of one have the polling 
cycles selected suitably which carried out the pole periodically. (Although it is all these 
specifications) PP lithium tantalate which carried out the pole periodically [ a desirable 
material for frequency conversion is required like PPLN and / others ], It should be 
understood that the crystal in which a heavy current nature optical material like PP 
MgO:LiNb03 and PP KTP or the KTP isomorph carried out the pole periodically is also 
used advantageously. The combination with PPLN crystal 1 1, It is carried out to drawing 2 
using the lens system indicated to be the lens 12. The output of PPLN crystal 1 1 is 
combined with the output fiber 13 with the lens 12. In the case of the 2. 1 -micrometer 
frequency multiplying which brings about the pulse energy of 40 or more pj in a 1- 
micrometer wavelength area, the conversion efficiency of 16% is acquired. The spectral 
band width of the pulse by which frequency conversion was carried out is selected by 
suitable selection of the length of PPLN crystal 1 1, for example, a PPLM crystal 13 mm in 
length generates the bandwidth of 2 nm in the 1.05-micrometer field corresponding to the 
pulse width of about 800 fs(es). The generated pulse width is proportional to the length of 
a PPLN crystal about. That is, the pulse with the pulse width of 400fs by which frequency 
conversion was carried out needs PPLN 6.5 mm in length. The pulse width of lOOfs to 
which the pulse which continued and carried out the Raman shift until the pulse width to 
which frequency conversion of this pulse width reduction was carried out reached about 
100 fs(es) was restricted restricts reduction of the further pulse width. 
[003 3] When the pulse width by which frequency conversion was carried out is longer than 
the pulse width of the pulse which carried out the Raman shift enough, the wide bandwidth 
of the Raman pulse is utilized in order to enable wavelength alignment of a pulse by which 
frequency conversion was carried out. That is, effective frequency conversion is obtained 
on frequency for the pulse ranges from 2 (omega 1 -deltaomega) to 2 (omega 1+deltaomega). 
Here, 2deltaomega is the spectral band width in the half of the maximum of the spectrum 
of the pulse which carried out the Raman shift. Continious wave length alignment here is 
simply performed by adjusting the temperature of the frequency conversion crystal 1 1 . 
[0034]The Raman shifter and the noise by which combination ** of the PPLN crystal was 
amplified are minimized as follows. The self-restriction Raman shift of Er fiber laser pulse 
light source is used by extending ,.,a Raman shift to the larger one in the optical fiber of a 
silica base than 2 micrometers. In the case of not less than 2-micrometer wavelength, the 
infrared-absorption end of silica begins to decrease a pulse greatly, and restriction of a 
Raman shift and reduction of amplification change are brought about. That is, the pulse 
energy in 1.5 micrometers which increased is useful to shift to bigger absorption than a 
bigger Raman shift and a 2-micrometer wavelength area, and this increase follows and 
stabilizes the pulse amplitude in this field which carried out the Raman shift. 
[0035]Or it is shorter than the center wavelength of the pulse which the noise of the 
nonlinear frequency conversion process was minimized by performing self-limit frequency 
multiplying, and carried out the Raman shift of the center wavelength of the alignment 



curve of a multiplying crystal in that case. Again, the pulse amplitude which the pulse 
energy in a 1.5-micrometer field which increased caused the frequency conversion 
efficiency which moved to the bigger Raman shift and decreased, therefore carried out 
frequency multiplying is stabilized. Therefore, the fixed power by which frequency 
conversion was carried out is obtained to a big change of input control power. 
[0036]This is shown in drawing 3 . and is and the average power in a 1 -micrometer 
wavelength area by which frequency conversion was carried out is shown as a function of 
the average input control power in 1.56 micrometers here. Self- limit frequency 
multiplying ensures that the frequency shift in a 1 -micrometer wavelength area is not 
dependent on the average input control power in the wavelength area which is 1 .56 
micrometers, as shown also in drawing 3 . 

[0037]There are some things which can be chosen in PSM2. In order to acquire the pulse 
near a bandwidth limit from a system when one fiber (extended fiber) is used as PSM as 
shown in drawing 1 . a suitable distributed delay line is used for PCM4. However, if the 
distributed delay line of PCM4 comprises the diffraction grating 14 of bulk as shown in 
drawing 4 , a remarkable problem will arise, the secondary ratio [ 3rd ] - the secondary 
ratio [ 3rd ] in the typical stair-like refractive-index-distribution optical fiber in which the 
|3/2| next distribution operates in a 1 -micrometer wavelength area ~ compared with |3/2| 
next distribution, it is 1 to 30 times larger in a diffraction grating type distribution delay 
line. In the case of a standard stair-like refractive-index-distribution fiber with the low 
numerical aperture which operates in a 1 -micrometer wavelength area, the numerals of the 
3rd distribution with a fiber are the same as that in a diffraction grating type distribution 
delay line. Thus, jointly with a diffraction grating type dilator, a fiber dilator does not 
become a reserve means of the 3rd high order distribution by system compensation-sake. 
[0038]In order to perform pulse extension of 10 or more times, control of the 3rd high 
order distribution becomes important for the optimal pulse compression of PCM4. The 
fiber in which the extended fiber 6 of PSM2 has W-like multi-clad refractive index 
distribution in order to overthrow this problem, that is, 'W-fiber' (B. J.Ainslie.) et al. Or a 
HORI fiber. It is replaced with (T.M.Monroe etal./Holey Optical Fibers' An Efficient 
Modal Model, J.Lightw.Techn., vol. 17,no.6,pp. 1093-1 102). Both W-fiber and a HORI fiber 
permit the secondary adjustment possible value [ 3rd ] of high order distribution. With 
possible small core size, the value of the 3rd bigger distribution than the value in a 
standard single mode fiber is obtained with W and a HORI fiber. Mounting is similar to 
being shown in drawing 1 . 
It is not displayed independently. 

I hear that the PSM operates with a transmission type purely, and the predominance of 
such a system has it. That is, PSM avoids use of the distributed Bragg diffraction lattice 
which operates with a reflection type, and is connected to the outside in a system for a 
different system configuration. 

[0039]PSM2 [ another ] with the secondary adjustment possible value [ 3rd ] of the 4th 
distribution is shown in drawing 5 . As for PSM20a, the usual stair-like refractive-index- 
distribution optical fiber is based on positive, zero, or the principle that it undertakes, and it 
shifts and that 3rd distribution can be made. The value of the 3rd highest distribution is 



made from the thing in a fiber for which the higher mode of the beginning of a fiber and 
LP gasn mode near the cut-off are used. By drawing 5 . the 4th distribution [ 3rd ] of 
PSM20a are using the three sections 15, 16, and 17 of a pulse extension fiber, and is 
adjusted. The first extended fiber 15 is one fiber with the 3rd suitable distribution [ 4th ] of 
zero. It is connected to the 2nd extended fiber 16, and as well as all the chirp pulse 
amplification systems, the first extended fiber 15 is selected in order to compensate the 3rd 
distribution of a diffraction grating compressor. In order to secure the predominance of the 
3rd distribution in LP gasn mode, centering on as mutual a fiber as the 2nd extended fiber 
16, the first extended fiber 15 has offset, and is connected, and the main excitation in LP 
gasn mode in the 2nd extended fiber 16 is brought about. In order to maximize the value 
of the 3rd distribution with the 2nd extended fiber 16, a fiber with high numerical aperture 
NA>0.20 is desirable. In order to make LP gasn mode spread after the dominant mode of 
the 3rd extended fiber 17, similar connection technology is used at the end of the 2nd 
extended fiber 16. The 4th distribution of all the amplifiers and a compressor is minimized 
by suitable selection of a fiber. The 3rd extended fiber 17 has the distribution which can be 
disregarded, and is made short. 

[0040]By the loss beyond 50% or it which is received by performing the power 
propagation to LP gasoi mode from LP gasn mode without use of an optical mode 
converter and which is not avoided, the propagation loss of all the fiber dilator assemblies 
is at least 25%. The energy of the emainder in LP gas 0 i mode of the 2nd extended fiber is 
reflected by the reflection type fiber grating 18 which can be chosen, as shown in drawing 
5. It permits eliminating one mode selectively to another side for the pulse which changes 
while a diffraction grating resonance wavelength is ten to 40 nm between the two modes, 
and has the spectral band width [ it is ten to 40 nm ] of a between according to a difference 
with a big effective refractive index between dominant mode and the following higher 
mode. 

[0041]The energy loss of a fiber dilator assembly is aligning the 3rd extended fiber 17 with 
Yb amplifier, and is made small. This mounting is not shown independently. 
[0042]When the 4th distribution is not large, the first extended fiber 15 is removed. The 
4th distribution will also be compensated with using the first extended fiber with the 3rd 
distribution that is not zero if the 4th distribution even differs from the 3rd order between 
the beginning and the 2nd extended fiber. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a figure of the high peak about this invention, high average power, and the 
modularized compact wavelength variable system for super-short laser pulse generating. 
[Drawing 2] It is a figure of the first example of the seed module (SM) for using it for this 
invention. 

[Drawing 3] It is a graph which shows the relation of the average-frequency multiplying power 
and wavelength which are outputted with the given input control power about the first example 
of this invention. 



[Drawing 4] It is a figure of the first example of the pulse compressor module (PCM) for using it 
by this invention. 

[Drawing 5] It is a figure of the first example of the pulse dilator module (PSM) for using it by 
this invention. 

[Drawing 6] It is a figure of the second example of the seed module (SM) for using it by this 
invention. 

[Drawing 7] It is a figure of the third example of the seed module (SM) for using it by this 
invention. 

[Drawing 8"] It is a figure of the fourth example of the seed module (SM) for using it by this 
invention. 

[Drawing 9] It is a figure of the fifth example of the seed module (SM) for using it by this 
invention. 

[Drawing 10] A fiber distribution module (FDM) is a figure of one example of this invention 
added to the example of this invention shown in drawing 1 . 

[Drawing ll] It is a figure of one example of the fiber distribution module (FDM) for using it by 
this invention. 

[Drawing 12] It is a figure of the second example of the pulse dilator module (PSM) for using it 
by this invention. 

[Drawing 13] It is a figure of the third example of the pulse dilator for using it by this invention. 
[Drawing 14]I t is the figure of one example of this invention with which the pulse collection 
element and the additional amplification stage were added. 

[Drawing 15] a pulse collection element ~ it is a figure of another example of this invention in 
which the fiber amplifier operates with at least one front path and one back path combining an 
optical modulator [ like ]. 

[Drawing 16] It is a figure of another example of this invention in the field of optical 
communications. 

[Drawing 17] It is a figure of another example of this system in the field of the wavelength 
variable Raman amplifier for telecommunication. 
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[Title of the Invention]A module type, high energy, extensive wavelength variable nature, ultra 

high-speed, a fiber light source 

[Claim(s)] 

[Claim l]Laser system comprising: 
Spectral band width of 0.3 nm or more. 

A source of seed light which generates a pulse of the wavelength range with about 50 fs(es) and 
pulse width during 1 ns of 1-1.15 micrometers. 

A fiber amplifier for a pulse of a wide bandwidth which outputs a pulse which inputted, 
amplified and amplified this pulse. 

A pump laser for supplying laser energy to this fiber amplifier. 

[Claim 2]Laser system characterized by comprising the following about claim 1 . 
Said source of seed light is fiber laser. 

A nonlinear crystal which carries out frequency multiplying of the output of the Raman shifter 
which inputs an output of this fiber laser, and this Raman shifter. 

[Claim 3] Said Raman shifter is a fiber of a silica base which carries out upper part conversion in 
a spectral range longer than 2000 nm, and further a radiation wavelength of said fiber laser said 
nonlinear crystal, Then, laser system about claim 2 which carries out lower part conversion of 
this wavelength by which upper part conversion was carried out in a 1 000-1 500-nm spectral 
range. 

[Claim 4]Laser system about claim 2 whose wavelength alignment curve of a nonlinear crystal is 
below a center wavelength of an output of the Raman shifter. 

[Claim 5]Laser system about claim 2 which has an amplification fiber with rare earth 
amplification ion selected since said Raman shifter generated a pulse of a non-amplification fiber 
or refractive index distribution, and the wavelength range of about 600-5000 nm. 

[Claim 6] A silica Raman shift fiber which said source of seed light inputs an output of Er fiber 
laser and this Er fiber laser, and is outputted to said fiber amplifier, Laser system about claim 1 
in which it has a fluoridation Raman shifter which inputs said amplified pulse, and said fiber 
amplifier is a Tm fiber amplifier. 



[Claim 7] Laser system about claim 6 which has further a nonlinear crystal which inputs an 
output of a fluoridation Raman shift fiber so that frequency multiplying may be performed. 



[Claim 8]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is Er fiber laser. 

The Raman shifter which inputs a frequency multiplying output of a nonlinear crystal which 
inputs an output of this Er fiber so that frequency multiply ing may be performed, and this 
nonlinear crystal. 



[Claim 9]Laser system about claim 8 which said source of seed light is passive mode locking 
fiber laser, and is a HORI fiber used in order for said Raman shift fiber to carry out the Raman 
shift of the frequency multiplying output of a nonlinear crystal to the wavelength range of about 
750 to about 1050 nm. 

[Claim 10] An amplification fiber with rare earth amplification ion which said source of seed 
light is passivity type mode locking fiber laser, and is different from a series of non-amplification 
fibers and different refractive index distribution. Laser system about claim 8 used in order to 
carry out the Raman shift of the frequency multiplying output of said nonlinear crystal to the 
wavelength range of about 750 to about 5000 nm. 

[Claim 1 ljLaser system about claim 1 with which said source of seed light has passivity type 
mode locking fiber laser. 

[Claim 12]Laser system about claim 1 1 in which said passivity type mode locking fiber laser is 
Yb fiber laser. 

[Claim 13 ] Laser system about claim 1 1 in which said passivity t ype mode locking fiber laser is 
Nd fiber laser. 

[Claim 14]Laser system about claim 1 1 in which said passivity type mode locking fiber laser is 
in many modes. 

[Claim 15]Laser system about claim 14 in which said passivity type mode locking fiber laser is 
polarization maintenance. 

[Claim 16]Laser system about claim 1 1 in which said passivity type mode locking fiber laser is 
polarization maintenance in a single mode. 

[Claim 17]Laser system characterized by comprising the following about claim 1. 
Said source of seed light is fiber laser. 

A frequency shift fiber which inputs an output of this fiber laser and outputs an anti-stokes blue 



shift output. 



[Claim 18]Laser system about claim 17 in which said fiber laser is Er, Er/Yb, or Tm fiber laser. 

[Claim 19]Laser system about claim 1 which generates a pulse to which said source of seed light 
induces generation of a parabolic pulse with said fiber amplifier. 

[Claim 20"|Laser system about claim 19 which has further a coupler of said source of seed light, 
and said fiber amplifier which does, combines this source of seed light with this fiber amplifier, 
and has an optical fiber 1 k m or less in length. 

[Claim 21]Laser system about claim 1 which has further the optical supply fiber combined with 
an output of said fiber amplifier. 

[Claim 221Laser system about claim 21 chosen from a group which said optical supply fiber 
becomes from one number mode fiber connected to a HORI fiber, one number mode fiber and 1. 
or two single mode fibers. 

[Claim 23]Laser system about claim 22 in which said source of seed light generates a pulse 
shorter than lOOps so that generation of a parabolic pulse may be induced with said fiber 
amplifier, and said fiber amplifier has a larger profit than 10 further. 

[Claim 24]Laser system about claim 23 which has further a pulse dilator which outputs a pulse 
which extended this pulse dispersively when just right, and this extended it in response to a pulse 
from said source of seed light to said amplifier. 

[Claim 251Laser system about claim 24 which is the thing that it has a pulse compressor which 
compresses said amplified pulse in time, and this pulse compressor outputs a bandwidth marginal 
pulse about, as for distribution of this pulse compressor. 

[Claim 26]Laser system characterized by comprising the following about claim 1 . 
Said source of seed light is Tm or Ho fiber laser. 

A nonlinear crystal which inputs an output of this Tm or Ho fiber laser, and performs frequency 
multiplying. 



[Claim 27]Laser system about claim 1 bv which either Yb or Nd is added as for said fiber 
amplifier. 

[Claim 28]Laser system about claim 1 which has further a pulse compressor for compressing an 
amplified pulse about in time to a bandwidth limit. 



[Claim 29"]Laser system about claim 1 which is the semiconductor laser in which direct 



modulation of said source of seed light was carried out. 



[Claim 30]Laser system comprising: 

A source of seed light which generates a pulse of the wavelength range with larger spectral band 
width, about 50 fsfes). and pulse width during 1 ns than 0.3 nm of 1-1.15 micrometers. 
A pulse dilator which outputs a pulse which extended this pulse dispersively when just right and 
this extended it in response to this pulse. 

A clad pump fiber amplifier which has a bigger profit than 10. and amplifies and outputs it in 
response to a this extended pulse to a pulse of a wide bandwidth. 

A pulse compressor which inputs a pulse [ this ] amplified and extended and compresses them in 
time to a bandwidth limit about. 



[Claim 3 l]Laser system about claim 30 in which said pulse dilator has a fiber 1 km or less in 
length. 

[Claim 32]Laser system about claim 30 in which said pulse dilator has a HORI fiber. 

[Claim 33]Laser system about claim 30 in which said pulse dilator has one minority mode fiber. 

[Claim 34]Laser system about claim 30 in which said pulse dilator has one minority mode fiber 
joined together with a single mode fiber of 1 or a large number. 

[Claim 35]Laser system about claim 30 in which said pulse dilator has a single mode fiber 1 km 
or less in length. 

[Claim 36]Laser system about claim 30 which has a fiber in which said pulse dilator has W-like 
refractive index profile. 

[Claim 37]Laser system about claim 30 which has a fiber in which said pulse dilator has a multi- 
clad refractive index profile. 

[Claim 38]Laser system characterized by comprising the following about claim 30. 

One fiber in which said pulse dilator has the 3rd negative distribution. 

A linearity chirp fiber diffraction grating with negative secondary distribution. 



[Claim 39]Laser system characterized by comprising the following about claim 30. 
Said pulse dilator is a linearity chirp fiber diffraction grating. 

One or more fiber transmission gratings which have a value which can choose the 3rd high order 
distribution so that high order distribution may be compensated with a pulse compression means. 



[Claim 40]Two or more additional fiber amplifiers connected between said pulse dilator and said 
pulse compressor. A fiber coupling machine which has an optical fiber 1 km or less in length, 
and combines said source of seed light with the first one of the additional amplifiers of this 
plurality. Laser system about claim 30 which has further two or more pulse collection means 
arranged whether they are before this fiber amplifier, after an additional fiber amplifier of this 
plurality or middle of one of these amplifiers, and ********, 

[Claim 41] An amplifier which operates with a source of seed light which generates a pulse of the 
wavelength range with larger spectral band width characterized by comprising the following than 
0.3 nm. about 50 fs(es). and pulse width during 1 ns of 1-1.15 micrometers, at least one front 
path, and one back path. 

A clad pump fiber amplifier of a pulse sake of a wide bandwidth amplified and outputted in 
response to this pulse. 

An optical modulator arranged between a pump laser for supplying laser energy to this fiber 
amplifier, one front path of this amplifie r, and one back path. 



[Claim 42]With two or more additional fiber amplifiers here at least one and two or more 
additional fiber amplifiers, . Operate with at least one front path and one back path. Laser system 
about claim 41 which has further a mode filter which penetrates preferentially dominant mode of 
an amplifier arranged after a path of the beginning of at least one aforementioned fiber amplifier 
which operates with at least one front path and one back path, and two or more additional fiber 
amplifiers. 

[Claim 43]Laser system about claim 42 which has further one pulse collection machine arranged 
between at least one front path and one back path. 

[Claim 44]A pulse light source which operates with a bigger output wavelength than 2 
micrometers, comprising: 

A source of seed light which outputs a pulse of short pulse width. 

The first fiber Raman shifter which inputs this pulse and generates this output wavelength. 



[Claim 45] A pulse light source about claim 44 which has further at least one additional fiber 
Raman shifter connected to said first fiber Raman shifter, and two or more fiber amplifiers 
connected by turns between these fiber Raman shifters. 

[Claim 46]A pulse light source selected below at Raman-spectrum element-center wavelength of 
a seed pulse by which was been a pulse light source about claim 45 which has further the 
multiplying crystal connected to one of the last of said fiber Raman shifter, and the Raman shift 
of the wavelength alignment curve of this nonlinear crystal was carried out, and it was amplified. 



[Claim 47]A lightwave pulse light source comprising: 

Passivity type mode locking fiber laser. 

Yb amplifier for amplifying an output of this fiber laser. 



[Claim 48]A lightwave pulse light source about claim 47 in which said passivity type mode 
locking fiber laser has Yb fiber laser. 

[Claim 49]An optical-communications subsystem comprising: 

A pure normal dispersion fiber light amplifier connected to an optical fiber penetration line with 
a profit of lOdB/km or less, and a comprehensive profit of not less than 10 dB. 
A dispersion compensation element arranged on this optical fiber penetration line, and a light 
filter arranged on this optical fiber penetration line. 



[Claim 50]An optical-communications subsystem comprising: 

A pure normal dispersion fiber light amplifier connected to an optical fiber penetration line with 

a profit of 3dB/km or less, and a comprehensive profit of not less than 20 dB. 

A dispersion compensation element arranged at an end of an optical fiber penetration line. 



[Claim 51]A quantity of self-phase modulation received by a lightwave pulse which is an 
optical-communications subsystem and penetrates this optical fiber penetration line characterized 
by comprising the following is an optical-communications subsystem with more normal- 
dispersion-optical-fiber element also to a twist at a **** dispersive device. 
A normal-dispersion-optical-fiber element connected to an optical fiber penetration line. 
A **** dispersive device too connected to an optical fiber penetration line. 



[Claim 52]An optical-communications subsystem with which said negative dispersive devices 
were enumerated by claim 5 1 which has a chirp fiber diffraction grating. 

[Claim 53"|Quantity of self-phase modulation received by a lightwave pulse which is an optical- 
communications subsystem and penetrates an optical fiber penetration line characterized by 
comprising the following. It is an optical-communications subsystem with more HORI fiber also 
to a twist at a **** dispersive device- 
Two or more HORI fibers with pure normal dispersion connected to an optical fiber penetration 
line. 

Two or more **** dispersive devices too connected to an optical fiber penetration line. 



[Claim 54]An optical-communications subsystem with which it is an optical-communications 
subsystem which inputs a pump train of impulses with length for 10 or less ns. also inputs a 



lightwave signal, amplifies, and has an optical Raman amplifier fiber to output, and this 
lightwave signal spreads this Raman amplifier fiber to a counter direction about a pump pulse. 

[Claim 55]An optical-communications subsystem about claim 54 aligned by alignment operation 
in which said optical Raman amplifier is carried out by said pump pulse. 

[Claim 56]An optical-communications subsystem characterized by comprising the following 
about claim 55. 

A source of seed light which outputs a lightwave pulse. 

A modulator which modulates this lightwave pulse. 

The Raman shifter fiber which inputs a modulated this lightwave pulse. 

A Raman amplifier which inputs an output of this Raman shifter fiber. 

[Claim 57]An optical-communications subsystem about claim 56 including that said alignment 
operation modulates at least one of power of this seed pulse, wavelength, and the width before 
said seed pulse is poured into said Rama n shifter fiber. 

[Claim 58]Laser system about claim 9 which is a HORI fiber which changes on wavelength so 
that said Raman shift fiber may optimize said Raman shift in a meaning with distribution . 

[Claim 59]Laser system with which this seed pulse is generated and this fiber amplifier is formed 
so that it may be laser system and a pulse made with this fiber amplifier may be parabolic. 

A light source of a seed pulse. 

A fiber amplifier which inputs and amplifies this seed pulse. 

[Claim 601Laser system which is laser system and generates a pulse to which the source of seed 
light induces parabolic pulse form Shigeru with this fiber amplifier, comprising: 
A light source of a seed pulse. 

A fiber amplifier which inputs this seed pulse, amplifies and outputs an amplified pulse. 

[Claim 61]Laser system with which this seed pulse is generated and this fiber amplifier is formed 
so that it may be laser system and a pulse made with this fiber amplifier may be parabolic, 
comprising: 

A li ght source of a seed pulse. 

A fiber amplifier which outputs a pulse which inputted, amplified and amplified this seed pulse. 



[Claim 62]An optical-communications subsystem comprising: 
A light source of a lightwave pulse of different wavelength. 



A means to correct dynamically a degree of a Raman shift experienced in each of this different 
**** wavelength. 



[Claim 63]Improvement which has at least one Raman shifter in an optical fiber communications 
system of a type which has a fiber light carrier circuit which conveys a lightwave signal of 
different wavelength, and at least one fiber laser amplifier which imposes a profit which is 
different to a signal of this different **** wavelength. 

[Claim 64]A source of seed light characterized by comprising the following for laser system. 
Fiber laser which generates a pulse output. 

A nonlinear crystal which carries out frequency multiplying of the output of the Raman shifter 
which inputs a pulse output of this fiber laser, and this Raman shifter. 



[Claim 65]A source of seed light characterized by comprising the following for which claim 64 
was asked. 

A heavy current nature optical material in which said nonlinear crystal was chosen from a group 
which consists of PPLN. PP lithium tantalate. PPMgO:LiNb(X and PP KTP and which carried 
out the pole periodically. 

A crystal in which a KTP isomorph carried out the pole periodically. 



[Claim 66]A source of seed light which is a source of seed light for which claim 65 was asked, 
and is selected in order that the section of said nonlinear crystal may control the pulse length of a 
pulse output of this source of seed light. 

[Claim 67]A source of seed light which is controlled by an output wavelength of said nonlinear 
crystal contr olling temperature of this nonlinear crystal and for which claim 65 was asked. 

[Claim 68]A distribution system for fiber laser systems characterized by comprising the 
following which operates in parabolic pulse organization. 
A supply fiber. 

W-fiber for compensating the 3rd distribution of a diffraction grating type pulse compressor and 
this pulse compressor. 



[Claim 69]Dispersion compensation arrangement for fiber laser amplification systems 
characterized by comprising the following which operates in parabolic pulse organization. 
A pulse dilator which is arranged in front of an amplifier stage of this system, and contains at 
least one negative 3rd distribution generator child. 

A pulse compressor arranged after this amplifier stage in order to have the 3rd positive 
distribution that cancels distribution introduced by this dilator and to compensate secondary 



distribution . 



[Claim 70]Dispersion compensation arrangement for fiber laser amplification systems 
characterized by comprising the following which operates in parabolic pulse organization. 
A pulse dilator containing at least one Bragg fiber diffraction grating and a fiber transmission 
grating for being arranged in front of an amplifier stage of this system, and generating at least 
one positive secondary distribution generator child and the 3rd distribution [ 4th ]. 
A pulse compressor arranged after this amplifier stage in order to have the 3rd positive 
distribution that cancels distribution introduced by this dilator and to compensate secondary 
distribution. 



[Claim 71] A wavelength variable Raman amplifier comprising: 
A light source of a femtosecond organization seed pulse. 

A Raman shift fiber which carries out a wavelength shift in response to this seed pulse in order to 
form a pump pulse. 

A Raman amplifier fiber into which this pump pulse and two or more signal wave long pulses 
spread to a counter direction were poured. 

A means to modulate at least one of power of this seed pulse, wavelength, and the width in order 
to carry out wavelength alignment of this pump pulse and to align a center wavelength of Raman 
gain of this R aman amplifier. 

[Claim 72] An amplifier by which wavelength alignment is carried out with a time period below 
signal pulse crossing time of this Raman amplifier so that it may be the amplifier for which claim 
71 was asked and said pump pulse may double said signal pulse with an effective correction 
Raman gain spectrum. 

[Claim 73]Wavelength variable laser system comprising: 

Fiber laser which generates a pulse output with pulse width for 1 or less nanosecond, 
distribution - a little - or - a HORI fiber which changes on wavelength so that wavelength 
alignment may be optimized. 

[Claim 74]Are wavelength variable laser system characterized by comprising the following, are 
in wavelength tuning range, and this HORI fiber. Wavelength variable laser system in which 
negative secondary distribution is shown, it has secondary distribution zero to an input pulse 
light source on wavelength of less than 300 nm. and an absolute value equal to an absolute value 
of the 3rd material dispersion of silica or the 3rd distribution not more than it is shown. 
Fiber laser which generates a pulse output. 

distribution - a little - or -- a HORI fiber which changes on wavelength so that wavelength 
ali gnment may be optimized. 



[Detailed Description of t he Invention] 
[00011 

[Background of the Invention] 

1. The wavelength selection of the invention of ****** of an invention is possible, it is compact 
it is a module type and this super-short laser pulse light source is a fundamental component [ in / 
about an efficient high-power super-short laser pulse light source / industrial use of ultra high- 
speed laser t echnique]. 

[0002] 

2. It is recognized as the description fiber laser of a pertinent art having given the effective 
medium for ultrashort pulse generating for a long time until now. However, such [ until now ] a 
system. . Mainly have the option restricted to wavelength variable nature, and the minimum 
pulse width that can be attained has a limit. The Bragg diffraction lattice which carried out the 
chirp. It was based on the used chirp pulse amplification (A.). Galvanauskas and M.E. Fermann. 
'Optical Pulse Amplification using Chirped Bragg Gratings. 'United States Patent. No.5.499.134. 
The Bragg diffraction lattice which carried out the chirp has developed into the device which can 
be obtained very widely, and in a Bragg diffraction lattice a chirp. Linearity or in order to 
compensate distribution of the arbitrary order within a chirp pulse amplification system. 
Nonlinear, Skill is also designed (A. Galvanauskas ). et al. and 'Hybrid Short-Pulse. Amplifiers 
with Phase-MismatchCompensated Pulse Stretchers and Compressors', U.S.PatentNo.5.847.863, 
This chirp pulse amplification system is important for generating of pulse ** made shortest for a 
bandwidth restriction pulse, i.e., the pulse bandwidth of the given spectrum. 

[0003] 

In order to maximize the power of an optical fiber, and the limit of energy, using chirp pulse 
amplification. Although it is clearly desirable, simultaneously, the demand (the Bragg diffraction 
lattice needs to operate by reflection rather from a penetration, in order to give the possible 
highest distribution) of system integration is not practical, and carries out use of such a standard 
chirp pulse amplification system. As a substitute of chirp pulse amplification. The high-power 
pulse amplification in the multimode fiber amplifier was proposed ( 'Single-mode Amplifiers and 
Compressors Based M. E. Fermann and D. Harter). on Multi-mode Optical Fibers'. UnitedStates 
Patent. No. 5.818.630. What [ soliton Raman compression with a fiber amplifier is used for as a 
substitute of chirp pulse amplification ], Or generally. The pulse compression in the inside of a 
nonlinear fiber amplifier. Using it was proposed (M. 'Apparatus and Method for the 
GenerationofHi gh-power). [ E.Fermann, A. Galvanauskas and D.Harter, ] Femtosecond Pulses 
from a Fiber Amplifier'. United States Patent. No.5.880.877. 
[0004] 

Clearly, use of a multimode fiber is combined with chirp pulse amplification and soliton Raman 
compression in order to improve the performance of such a system further. However, the pulse 
form-like controlling method for optimizing the whole system performance further till today was 
not described at all . Similarly, using a self-phase modulation for the dilator portion of such a 
chirp pulse amplification system was not proposed. 
[0005] 



What a fiber dispersion delay line is used for jointly with a bulk optical compressor as a 
compromise of miniaturization of a system, and high-energy-izing. It is advantageous and at 
least. Partial integration of a high-energy fiber laser system. . Bring. (M. 
E.FermannA.Galvanauskas.) and D.Harter: 'All fiber souce of 100 nJ sub-picosecond pulse'. 
Appl.Phys.Lett., vol.64-1994, pp. 13 15- 13 17. However, in order to repress a pulse to near the 
bandwidth limit till today, the effective method of controlling higher order 3rd distribution [ 4th ] 
in the combination of a dilator and a compressor was not developed at all. 
[00061 

By using the single mode erbium amplifier of a high-profit normal dispersion (soliton is not 
supported) silica base as a substitute of chirp pulse amplification combining a bulk prism 
compressor. It was also proposed before that effective pulse compression is obtained ('Pulse 
Compression by Nonlinear Pulse Evolution with KTamura and M.NakazawaV Reduced Optical 
Wave Breaking in Erbium-Doped Fiber Amplifiers, 'Opt.Lett., Vol.21, p.68 (1996). However, 
the thing for which this art is used jointly with the erbium amplifier of a silica base. Because it is 
a problem, it is because the demand for normal dispersion restricts fiber core size to about 5 
microns, or negative material dispersion governs positive waveguide dispersion and the whole is 
made into negative fiber dispersion. Similarly, the multimode fiber of a silica ba se had ne g ative 
distribution on erbium amplifier wavelength, and has barred using them for effective pulse 
compression. Thus, the core size to which the normal dispersion erbium amplifier was limited 
decreases greatly the pulse energy which can be attained. 
[0007] 

The method of performing an additional spectrum exp ansion and pulse amplification after one 
erbium amplifier was not shown by Tamura and others. The method of making the performance 
of a prism pulse compressor similarly optimize, in order to compensate distribution of an erbium 
amplifier was not taught by Tamura and others. 
[00081 

Using a non-amplifying optical fiber jointly with a bulk diffraction grating compressor as 
another substitute of chirp pulse amplification was proposed (P. Grischkowsky et al.and J.Kafka 
et al. U.S.Patent No.4.750.809). However, since there is no profit in such a system, high pulse 
energy must be combined with a nonlinear optical element in order to obtain high-output power, 
and the peak power characteristic of a system is reduced. It did not argue about the method of 
compensating higher order distribution with such optical arrangement, but it has restricted the 
implementability of this approach g reatly. The spectrum breadth with a linearity chirp is obtained 
without controlling the shape of a pulse form in the input to such a system only with the input 
control power limited dramatically. Kafka and others did not argue about control of input pulse 
shape. Similarly, in order to acquire the shortest possible pulse jointly with a bulk diffraction 
grating compressor, the secondary distributed control [ 3rd ] in such a nonlinear optical element 
were needed, but Kafka and others did not argue about this, either. 
[00091 

The chromatism compensation in the light wave signal (low power) which uses chromatism into 
another (distributed-compensation) waveguide device. In order to optimize the performance of a 
telecommunication system. It was introduced (C. D.Poole. 'Apparatusof compensating chromatic 
dispersion in optical fibers, 'US Patent No.5,185 1 827 ). However, in the case of a hi g h-power 



pulse light source, the self-phase modulation introduced by the distributed-compensation 
waveguide device bars those effective use. In order that the system about which Poole argued 
may absorb higher mode selectively in a distributed-compensation waveguide device, in order 
[ or ] to amplify dominant mode selectively in a distributed-compensation waveguide device - a 
mode converter - and - or jointly with a rare earth added fiber, it only operates. The method of 
compensating distribution of the high-power lightwave pulse under existence of a self-phase 
modulation was not taught at all, and the method of carrying out a distributed-compensation 
waveguide without a mode converter was not proposed at all. 
[00101 

Instead of using a mode converter and higher mode, f ****** ] The refractive index profile of 
W-style. The fiber which it has is known (B. J.Ainslie.Y and C.R.Day and 'A review, of single- 
mode fibers with modified dispersion characteristics'J.Lightwave Techn.. vol.LT-4. No. 8. 
pp.967-979-1988. However, it did not argue about the use of such a fiber design to a high-power 
fiber chirp pulse amplification system. 
[00111 

In order to make efficiency of an ultra high-speed fiber amplifier into the maximum. Use of Yb 
fiber amplifier was proposed ( D. "Broad-bandwidth pulse amplification to thelOmicroj level). 
[ T.Walton. J.Nees and G.Mourou. 1 in an ytterbium-doped germanosilicate fiber. "Opt.Lett.. 
vol.21, no. 14. and pp. 1061 (1996) - however. Although the research by Walton and others 
adopted argon laser-pumps Ti: sapphire laser as excitation of Yb addition fiber, it not only adopts 
mode locking Ti: sapphire laser as a light source of a signal pulse, but. Efficiency is [ this ] bad 
and clearly incompatible with a compact apparatus dramatically. Although it was not proposed at 
all, i.e.. the lOOfs pulse from Ti: sapphire laser was combined with Yb amplifier through a single 
mode fiber distribution delay line 1.6 km in length, the method of controlling the phase of a 
lightwave pulse by an amplification process. This delay line starts a big phase distortion by high 
order distribution, and restricts greatly applying a system to ultra high-speed application. In order 
to induce a quality high-power parabolic pulse in Yb amplifier, the seed pulse of the range of 
200-400fs is more preferred to Yb amplifier of the length which is several meters than to it. Use 
of the single mode Yb addition fiber amplifier by Walton and others restricts the energy of Yb 
amplifier, and the limit of power still more greatly. Although use of the multi-mode Yb addition 
fiber was proposed by U.S. application No. 09/3 17.221 by which the contents were incorporated 
here as a reference, the small ultrashort pulse light source which is compatible with Yb amplifier 
remained, while it had been unclear. 
[00121 

The Hiroyoshi strange pulse Yb-fiber laser which incorporated the active light modulation 
mechanism. . Were described recently.CJ. Porta.) et al. and 'Environmentally, stable picosecond 
ytterbium fiber laser with abroad tuning range'. Opt.Lett.. vol.23, pp.615-617 (1998). Although 
this fiber laser has provided the tuning range in the profit bandwidth of Yb about, applying that 
laser to ultra high-speed optics is restricted by the comparatively long pulse generated by that 
laser. The bandwidth of the pulse which the active mode locked laser generally generated the 
pulse longer than a passive mode locked laser, and was generated in the case of this actual 
condition has the minimum pulse width of 5ps. and is [ whether it is small and ] 0.25 nm. 
[00131 



The extensive wavelength variable fiber laser light source which used the Raman shift jointly 
with the frequency conversion in the inside of a nonlinear crystal was described recently. (M. 
US) [ E.Fermann et al. ] Patent No.5.880.877. and N.Nishizawa and. T. Goto and "Simultaneous. 
Generation of Wavelength. Tunable Two-Colored Femtosecond Soliton Pulses Using Optical 
Fibers. "Photonics Techn.Lett. vol.11, no.4. pp421-423 reference. The eternal Raman shifter is 
proposed spatially fundamentally and, as a result, the wavelength variable range is restricted to 
300 to 400 nm (refer to Nishizawa et al.). No methods of making the minimum the noise of such 
an advanced nonlinear system based on the Raman shift in a nonlinear optical crystal and the 
application of nonlinear frequency conversion which were continued are known. The system 
described by Nishizawa and others was based on the comparatively complicated low power 
polarization control erbium fiber oscillator amplified with the additional polarization control 
erbium fiber amplifier for seeding the Raman shifter. No methods of making possible the Raman 
shift of the frequency multiplying output from Er fiber laser are described. 
[0014] 

The Raman shifter which is a pulse from a high-power fiber oscillator, or was directly seeded by 
the pulse by which frequency conversion was carried out from the high-power fiber oscillator is 
clearly preferred. Such a fiber oscillator. These days multimode optical fiber. It was used and 
described (M. 'Technique for mode-locking of multi-mode fibers and the construction of 
compact). [ E.Fermann. ] high-power fiber laser pulse sources'. U.S. serial number09/l 99.728. 
However, the method of changing the frequency of an oscillator which used the Raman shift 
after that is not proved till today . 
[0015] 

[Summary of the Invention] 

Therefore, the purpose of this invention is to be easy to modularize and to provide small size, an 
extensive wavelength variable, a high peak, high average power, and low noise ultra high-speed 
fiber amplification laser system. 
[00161 

11 The source of short pulse seed light. 2 extensive bandwidth fiber amplifier. 3 distribution 
pulse expansion element. 4) a distributed pulse compression element. 5 nonlinear frequency 
conversion element, the optic for 6 fiber distribution, and ** - it is another purpose of an 
invention to ensure modularization of a system by using various easily exchangeable optical 
systems [ like ]. The proposed arbitrary modules may comprise a part of exchangeable optical 
system. 
[00171 

It is another purpose of an invention that the distributed delay line integrated highly and the 
effective fiber amplifier by which the pump was carried out directly or indirectly by the diode 
laser ensure the miniaturization of a system by using it. The high-peak-power characteristic of a 
fiber amplifier is using the optimized shape of a pulse form of parabolic or others, and is 
expanded greatly. Jointly with self-phase modulation, a parabolic pulse enables generating of a 
large bandwidth and a high-peak-power pulse, and distributed pulse extension controlled well. 
The high gain which operates on the wavelength which is positive has the single material 
dispersion of a fiber, or a high-power parabolic pulse is generated with a multimode fiber 
amplifier. 



[0018] 

or [ that a parabolic pulse is distributed along with considerable fiber length also under existence 
of self-phase modulation or general Kerr effect type optical nonlinearity ] — or it is spread and 
only a pulse chirp [ enough linearity ] is caused. At the end of such fiber distribution or a fiber 
propagation line, a pulse is about compressed to a bandwidth limit. 

rooi9i 

The high energy characteristic of a fiber amplifier is greatly expanded by using chirp pulse 
amplification jointly with a parabolic pulse or other shape of optimal pulse form, and the shape 
of the pulse form can permit much [ without degradation of pulse quality ] self-phase modulation. 
The chirp pulse amplification system integrated more by the altitude. It is made from using the 
nonlinear crystal (the pole was carried out) which connects a bulk optical pulse compressor (or 
low nonlinearity Bragg diffraction lattice) or pulse compression to frequency conversion and by 
which polarization was carried out periodically, without spoiling the high energy characteristic 
of an optical fiber . 
[0020] 

Distribution with a fiber pulse dilator and a bulk optical compressor is incorporating a fiber pulse 
dilator with the secondary distribution [ 3rd / 4th ] that can be adjusted, and suits to the 4th phase. 
The high order distribution which can be adjusted is obtained by using a standard stair-like 
refractive-index-distribution (step index) high numerical aperture fiber jointly with a linearity 
chirp fiber diffraction grating, using only a high numerical aperture single mode fiber with the 
optimized refractive index distribution. Or high order distribution is using a linearity chirp fiber 
diffraction grating jointly with a transmission type fiber diffraction grating, using a nonlinear 
chirp fiber diffraction grating, using the dispersion property of the higher mode in the number 
mode fiber of a high numerical aperture, and is controlled. The 4th distribution that can be 
adjusted is using the fiber which controls the chirp of a fiber Bragg diffraction grating and a 
transmission type fiber diffraction grating, and has the secondary distribution [ 3rd / 4th 1 of a 
different rate, and is obtained. Similarly, high order distribution is obtained by using the 
nonlinear crystal which carried out the pole periodically. 
[00211 

A fiber amplifier is seeded with the short-pulse-laser light source which carried out the form of 
the short pulse fiber light source preferably. In the case of Yb fiber amplifier, the frequency 
multiplying short pulse Er fiber laser light source which carried out the Raman shift is mounted 
as a source of extensive wavelength variable seed light. In order to make the noise of the 
frequency conversion from 1.5 micrometers to 1.0 micrometer into the minimum, the self- 
restriction Raman shift of Er fiber laser pulse light source is used. Or the noise of a nonlinear 
frequency conversion process is minimized by carrying out self— limit frequency multiplying. 
The center wavelength of the alignment curve of a multiplying crystal is shorter than the center 
wavelength of the Raman shift pulse. 
[00221 

The process of a Raman shift and frequency multiplying can also be made reverse. There, 
frequency multiplying of the Er fiber laser is carried out first, it is the optimized fiber which 
gives soliton maintenance distribution to the wavelength of not less than around 800 nm after 
that, and a Raman shift is carried out, and it builds the source of seed light of a 1 -micrometer 



wavelength area. 
[00231 

Mode locking Yb fiber laser is used as a substitute of the source of low-complicated seed light 
for Yb amplifiers. Fiber laser is designed so that the pulse which carried out the chirp strongly 
may be made, and in order that a light filter mav select the seed pulse close to the bandwidth 
limit for Yb amplifiers, it is combined . 
[00241 

Since a parabolic pulse is transmitted along with sufficient fiber length, the pulse is used also for 
a fiber optics communications system. In this system, the parabolic pulse generated with the 
outside pulse light source is transmitted. Or a parabolic pulse is generated also a transmission 
process. In the latter case, a harmful operation of the optical nonlinearity in transmission systems 
is generally minimized by mounting a long distribution pattern and normal dispersion light 
amplifier. Such an amplifier has a profit of a length of at least 10 km. and lOdB/km or less. All 
the profits per amplifier should exceed 10 dB. in order to utilize the start of the parabolic pulse 
forming for minimization of a harmful operation of optical nonlinearity. Chirp compensation of a 
transmission line is using a chirp fiber Bragg diffraction grating also for the end of the 
transmission line as meeting a fiber transmission line, and is usually carried out. An optical 
bandwidth filter is further mounted for bandwidth control of the transmitted pulse. 
[00251 

The wavelength variable pulse light source based on the Raman shift of the short pulse in an 
optical fiber is useful at many application, for example, a spectroscopic analysis. However, a 
very attractive device is made from applying a Raman shift to manufacture of the wavelength 
variable fiber Raman amplifier for telecommunication systems. In this wavelength variable 
system, the pump pulse which carried out the Raman shift gives Raman gain for the variable 
wavelength range, and is shifted to red about a pump pulse. The shape of the Raman gain 
spectrum is modulating the pump pulse which carried out the Raman shift, and is controlled. 
[00261 

[Detailed explanation of the submitted examplel 

The system chart where the invention was generalized is shown in drawing 1. The pulse 
generated in the source 1 (seed module: SM) of laser seed light is combined with the pulse 
extension module 2 (PSM). and, as for a pulse, time is extended dispersively there. The extended 
pulse is combined with the dominant mode of the Yb fiber amplifier 3 (an amplifier module. 
AMI) by which the clad pump was carried out, and a pulse is amplified at least 10 times there. 
Finally, it is combined with the pulse compressor module 4 (PCM), and a pulse is mostly 
compressed in time to near the bandwidth limit there. 
[00271 

the example shown in drawing 1 is a module type -- **. four subsystem; SMI. PSM2. AM13. 
PCM4. ** and others As indicated in the another example, of course, a subsystem is used for 
different shape, even when it is individual. 
[00281 

Hereafter, an argument relates to a SM-PSM-AM1-PCM system. SMI has a femtosecond pulse 
light source (source 5 of seed light) preferably. PSM has the one fiber 6 preferably and 
combination between SM and PSM is preferably performed by weld. The output of PSM is 



preferably poured into the dominant mode of the Yb amplifier 7 inside the AMI module 3. 
combination - the bulk optical imaging system between weld, a fiber coupling machine, or 
PSM2 and the fiber amplifier 7 -- it is carried out by coming out. All the fibers are preferred and 
a polarization maintenance type is chosen. PCM4 has preferably a distributed delay line formed 
by one or two bulk optical diffraction gratings for the reason for a miniaturization. Or many bulk 
optical prisms and Bragg diffraction lattices are used for PCM4. Combination to PCM4 is 
performed by the bulk optical lens system as described by drawing 1 with the single lens 8. In 
the case of PCM containing a fiber Bragg diffraction grating, a fiber pigtail is used for the 
combination to PCM. 
[0029] 

As an example of the source of femtosecond laser seed light. Raman-shift-frequency multiplying 
Er fiber laser is shown in SMlb of drawing 2. The femtosecond laser 9 is a commercial high 
energy soliton light source (TMRA America. Inc.. Femtolite B-60TM) which supplies a 200fs 
pulse on the wavelength of 1.57 micrometers and in which it supplies the pulse energy of InJ 
with the repeating cycle of 50 MHz. 
[00301 

For the optimal Raman shift to a 1.5 to 2. 1 -micrometer wavelength area, reducing core ** (it 
taper-ized) is performed to the longitudinal direction of the polarization maintenance Raman 
shift fiber 10. Reduction of core ** is needed in order to maintain the secondary distribution by 
the Raman shifter to near the zero (however, negative) in the full wave length range up to 1.5 to 
2. 1 micrometers. By keeping it small, the absolute value of secondary distribution is minimized 
by the pulse width within the Raman shifter, and it this. Maximization of the Raman frequency 
shift is brought about (J. P.Gordon. "Theory ofthe Soliton Self-frequency Shift. "Opt.Lett., 
1 1.662 (1986)). Without taper-izing. generally the Raman frequency shift is restricted to around 
2.00 micrometers , and these 2.00 micrometers are not in agreement with the profit bandwidth of 
Yb fiber amplifier after frequency multiplying. 
f00311 

In this special example, the two-step Raman shifter 10 which consists of a silica 'Raman' fiber (it 
is a single mode at 1.56 micrometers) of length (30m and 3m) which has core ** (6 micrometers 
and 4 micrometers), respectively is mounted. When the beginning of the infrared-absorption end 
of silica is 2.0 micrometers, it is advantageous to increase the taper-ized rate to the terminal 
direction ofthe Raman shifter 10. In this example, not less than 25% of the conversion efficiency 
from 1.57 micrometers to 2.10 micrometers is acquired. Better conversion efficiency is acquired 
by mounting a single taper-ized fiber with core ** which changes smoothly more using many 
fibers with core ** which changes smoothly. 
[00321 

Frequency conversion to the 1 ,05-micrometer field of the pulse which carried out the Raman 
shift is performed by the LiNb03 (PPLN) crystal 1 1 of one have the polling cycles selected 
suitably which carried out the pole periodically . (Although it indicates that a desirable material 
for frequency conversion is PPLN over all these specifications) It should be understood that the 
crystal in which a heavy current nature optical material like PP lithium tantalate which carried 
out the pole periodically [ others 1. PP MgQ:LiNb<X and PP KTP. or the KTP isomorph carried 
out the pole periodically is also used advantageously. The combination with PPLN crystal 1 1 . It 



is carried out to drawing 2 using the lens system indicated to be the lens 12. The output of PPLN 
crystal 1 1 is combined with the output fiber 1 3 with the lens 1 2. In the case of 2. 1 -micrometer 
frequency multiplying, the conversion efficiency of 16% is acquired, and the pulse energy to 
40pJ is brought about as a result in a 1 -micrometer wavelength area. The spectral band width of 
the pulse by which frequency conversion was carried out is sel ected by suitable selection of the 
length of PPLN crystal 1 1. for example, a PPLM crystal 13 mm in length generates the 
bandwidth of 2 nm in the 1.05-micrometer field corresponding to the pulse width of about 800 
fs(es). The generated pulse width is proportional to the length of a PPLN crystal about. That is. 
the pulse with the pulse width of 400fs by which frequency conversion was carried out needs 
PPLN 6.5 mm in length. The pulse width of lOOfs to which the pulse which continued and 
carried out the Raman shift until the pulse width to which frequency conversion of this pulse 
width reduction was carried out reached about 100 fs(es) was restricted restricts reduction of the 
further pulse width. 
[00331 

When the pulse width by which frequency conversion was carried out is longer than the pulse 
width of the pulse which carried out the Raman shift enough, the wide bandwidth of the Raman 
pulse is utilized in order to enable wavelength alignment of a pulse by which frequency 
conversion was carried out. That is. effective frequency conversion is obtained on frequency for 
the pulse ranges from 2 (omegal-deltaomega) to 2 (omegal+deltaomega). Here. 2deltaomega is 
the spectral band width in the half of the maximum of the spectrum of the pulse which carried 
out the Raman shift. Continious wave length alignment here is simply performed by adjusting 
the temperature of the frequency conversion crystal 1 1 . 
[00341 

The Raman shifter and the noise by which combination ** of the PPLN crystal was amplified are 
minimized as follows . The self-restriction Raman shift of Er fiber laser pulse light source is used 
by extending a Raman shift to the larger one in the optical fiber of a silica base than 2 
micrometers. In the case of not less than 2-micrometer wavelength, the infrared-absorption end 
of silica begins to decrease a pulse greatly, and restriction of a Raman shift and reduction of 
amplification change are brought about. That is, the p ulse energy in 1.5 micrometers which 
increased is useful to shift to bigger absorption than a bigger Raman shift and a 2-micrometer 
wavelength area, and this increase follows and stabilizes the pulse amplitude in this field which 
carried out the Raman shift. 
[00351 

Or it is shorter than the center wavelength of the pulse which the noise of the nonlinear 
frequency conversion process was minimized by performing self-limit frequency multiplying, 
and carried out the Raman shift of the center wavelength of the alignment curve of a multiplying 
crystal in that case. Again, the pulse amplitude which the pulse energy in a 1.5 -micrometer field 
which increased caused the frequency conversion efficiency which moved to the bigger Raman 
shift and decreased, therefore carried out frequency multiplying is stabilized, therefore, input 
control power is big - even if it changes, the fixed power by which frequency conversion was 
carried out is obtained. 
[00361 

This is shown in drawing 3. and is and the average power in a 1 -micrometer wavelength area by 



which frequency conversion was carried out is shown as a junction of the average input control 
power in 1.56 micrometers here. Self— limit frequency multiplying ensures that the frequency 
shift in a 1 -micrometer wavelength area is not dependent on the average input control power in 
the wavelength area which is 1.56 micrometers, as shown also in drawing 3. 
[0037] 

There are some things which can be chosen in PSM2. In order to acquire the pulse near a 
bandwidth limit from a system when one fiber (extended fiber) is used as PSM as shown in 
drawing 1. a suitable distributed delay line is used for PCM4. However, as the distributed delay 
line of PCM4 is shown in drawing 4. when it comprises the diffraction grating 14 of bulk, a 
problem may arise. the secondary ratio [ 3rd ] - the se condary ratio [ 3rd ] in the typical stair-like 
refractive-index-distribution optical fiber in which the | 3/2| next distribution operates in a 1- 
micrometer wavelength area — compared with |3/2 | next distribution, it is 1 to 30 times larger in 
a diffraction grating type distribution delay line. In the case of a standard stair-like refractive- 
index-distribution fiber with the low numerical aperture which operates in a 1 -micrometer 
wavelength area, the numerals of the 3rd distribution with a fiber are the same as that in a 
diffraction grating type distribution delay line. Thus, jointly with a diffraction grating type 
dilator, a fiber dilator does not become a reserve means of the 3rd high order distribution by 
system compensation-sake. 
[0038] 

In order to perform pulse extension of 10 or more times, control of the 3rd high order distribution 
becomes important for the optimal pulse compression of PCM4. The fiber in which the extended 
fiber 6 of PSM2 has W-like multi-clad refractive index distribution in order to overthrow this 
problem, that is. 'W-fiber' (B. J.Ainslie.) et al or aHORI fiber (T. M.Monroe.) It is replaced with 
etal.. 'Holey Optical Fibers' An Efficient Modal Model. J.Lightw.Techn.. vol.17, no. 6. and 
pp. 1093-1 102. Both W-fiber and a HORI fiber permit the secondary adjustment possible value 
[ 3rd ] of high order distribution. With possible small core size, the value of the 3rd bigger 
distribution than the value in a standard single mode fiber is obtained with W and a HORI fiber. 
Mounting is similar to being shown in drawing 1 . 
It is not displayed independently. 

I hear that the PSM operates with a transmission type purely, and the predominance of such a 
system has it. That is. PSM avoids use of the distributed Bragg diffraction lattice which operates 
with a reflection type, and is connected and removed by the system for a different system 
configuration . 
[00391 

PSM2 [ another ] with the secondary adjustment possible value [ 3rd 1 of the 4th distribution is 
shown in drawing 5. As for PSM20a. the usual stair-like refractive-index-distribution optical 
fiber is based on positive, zero, or the principle that it undertakes, and it shifts and that 3rd 
distribution can be made. The value of the 3rd highest distribution is made from the thing in a 
fiber for which the higher mode of the beginning of a fiber and LP gas n, mode near the cut-off 
are used. By drawing 5. the 4th distribution [ 3rd ] of PSM20a are using the three sections 15. 16. 
and 17 of a pulse extension fiber, and is adjusted. The first extended fiber 15 is one fiber with the 
3rd suitable distribution [ 4th ] of zero. It is connected to the 2nd extended fiber 16. and as well 
as all the chirp pulse amplification systems, the first extended fiber 15 is selected in order to 



compensate the 3rd distribution of a diffraction grating compressor. In order to secure the 
predominance of the 3rd distribution in LP gas _n mode, centering on as mutual a fiber as the 2nd 
extended fiber 16. the first extended fiber 15 has offset, and is connected, and the main excitation 
in LP gas u mode in the 2nd extended fiber 16 is brought about. In order to maximize the value 
of the 3rd distribution with the 2nd extended fiber 16. a fiber with high numerical aperture 
NA>0.20 is desirable. In order to return the LP gas n, mode to the dominant mode of the 3rd 
extended fiber 17. similar connection technology is used by the trailer of the 2nd extended fiber 
16. The 4th distribution of all the amplifiers and a compressor is minimized by suitable selection 
of a fiber. The 3rd extended fiber 17 has the distribution which can be disregarded, and is made 
short. 
[00401 

By the loss beyond 50% or it which is received by performing the power propagation to LP gas m 
mode from LP gas_ n mode without use of an optical mode converter and which is not avoided, 
the propagation loss of all the fiber dilator assemblies is at least 25%. The energy of the 
emainder in LP gas m mode of the 2nd extended fiber is reflected by the reflection type fiber 
grating 18 which can be chosen, as shown in drawing 5. It permits eliminating one mode 
selectively to another side by the pulse which changes while a diffraction grating resonance 
wavelength is ten to 40 nm between the two modes, and has the spectral band width [ it is ten to 
40 nm ] of a between according to a difference with a big effective refractive index between 
dominant mode and the following higher mode. 
f0041] 

The energy loss of a fiber dilator assembly is alig nin g the 3rd extended fiber 17 with Yb 

amplifier, and is made small. This mounting is not shown independently. 

[00421 

When the 4th distribution is not large, the first extended fiber 15 is removed. The 4th distribution 
will also be compensated with using the first extended fiber with the 3rd distribution that is not 
zero if the 4th distribution even differs from the 3rd order between the beginning and the 2nd 
extended fiber. 
[00431 

Yb addition level is 2.5-mol %. and Yb addition fiber inside AM 13 is 5 m in length. In order to 
use Yb addition fiber in both a single mode and the many modes and to optimize the spatial 
quality of an output beam, in the case of a multimode fiber, dominant mode is excited, but the 
core diamete r of a fiber changes between l-50micrometers. Yb addition fiber of different leng th 
is used depending on the value of the profit needed. In order to generate the possible highest 
pulse energy. Yb fiber 1 m in length is mounted. 
[00441 

Pulse compression is performed by PCM4. PCM4 includes the usual bulk optic (it is (like the 
bulk diffraction grating pair shown in drawing 4)). a single diffraction grating compressor or 
many dispersing prisms. GURIZUMU. and other distributed delay lines. 
[00451 

Or a fiber, a bulk black diffraction grating, or the crystal that carried out the chirp and that 
carried out the pole periodically is used. The crystal which carried out the chirp and which 
carried out the pole periodically. Pulse compression and the function of frequency multiplying. 



Connecting (A. et) [ Galvanaskas. ] al. and 'Use of chirped, quasi-phase matched materials in 
chirped pulse amplification systems'U.S. Application No. 08/822. 967. and the contents of those. 
It operates with the transmission type materialized with the reference here, and an original 
compact system is provided. 
[00461 

Change and correction of the others to this invention are clear to what became skillful in the art 

from an old indication and instruction. 

[0047] 

Especially SMI is used as an independence unit for making the femtosecond pulse limited near 
the bandwidth of 1.52 - 2.2 micrometers of frequency domains, and it is used to make the pulse 
of 760 nm - 1.1 micrometers of frequency domains after the frequency conversion in a nonlinear 
crystal. A frequency domain is further expanded by using other optical fibers with an infrared- 
absorption end longer than a fluoridation Raman shift fiber or silica. The wavelength of about 3 - 
5 or more micrometers is attained using this art. With frequency multiplying. 760 nm to 5000 nm 
and the continuous tuning of until are attained. The pulse power of a 2-micrometer field is using 
Tm or Ho addition fiber, and is raised further. The Raman soliton pulses which have the pulse 
energy exceeding lOnJ near the bandwidth limit with such an amplifier are supplied to the single 
mode fiber of a 2-micrometer wavelength area. A femtosecond pulse with the energy of the 
number nJ is obtained without use of a distributed pulse compressor in a 1 -micrometer field after 
frequency multiplying. Such a pulse is used as a high energy seed pulse for the multi-mode Yb 
amplifier of a big core, and a multi-mode Yb amplifier needs seed pulse energy higher than a 
single mode Yb amplifier, in order to suppress the amplified spontaneous emmision. 
[0048] 

An example of the super-extensive wavelength variable fiber light source combined with Er fiber 
laser pulse light source 19 with the silica Raman shifter 20. Tm addition amplifier 21. and the 
2nd fluoridation glass base Raman shifter 22 is shown in SMlc of drawing 6. ; the frequency 
multiplier which can be chosen is not indicated to be - because of the optimal stability, all the 
fibers must be polarization maintenance. : for which the combination of a diode laser pulse light 
source with Er amplifier is used as anoth er thing replaced with Er fiber laser pulse light source - 
separate this and it is not shown. 
r00491 

As another substitute of SM. SMld is shown in drawing 7 and it has the frequency multiplying 
high-power passivity type mode locking Er or the Er/Yb fiber oscillator 23 jointly with the 
Raman shift HORI fiber 24. Here the pulse from the oscillator 23 which operates in a 1.55- 
micrometer wavelength area. The Raman shift of the pulse by which frequency multiplying was 
first carried out to the frequency multiplier 25 using the lens system 26. and frequency 
multiplying was carried out after that is carried out with the HORI fiber 24 which gives soliton 
maintenance distribution to the wavelength of not less than 750 nm. or the wavelength of not less 
than at least 810 nm. The strange, continuously good light source in which the wavelength area 
operates among about 750 to 5000 nm is made from selecting the Raman shift fiber of a design 
which amplifies the pulse which carried out the Raman shift, and is different with a 1- 
micrometer wavelength range or 1 .3. and a 1 . 5 or 2-micrometer wavelength range. The design of 
such a light source with many attached amplifiers 27 is also shown in drawing 7. 



[00501 

For the optimal Raman self— frequency shift, the Hawly fiber dispersion must be optimized as a 
function of wavelength, the absolute value of the 3rd distribution of a HORI fiber — below the 
absolute value of the 3rd material dispersion of silica - or it must be equal. This is useful to 
ensure that the absolute value of secondary distribution remains small in most alignment 
wavelength ranges. The value of secondary [ further ] distribution must be negative and the 
secondary distribution zero must be less than 300 nm from seed input wavelength. 
r0051] 

As another substitute of the source for Yb amplifiers of seed light, anti-stokes generating with an 
anti-stokes fiber is used. After anti-stokes generating, in order to make a large wavelength 
variable light source, the fiber amplifier and the Raman shifter of additional length are used. The 
frequency multiplication means 25 is omitted and the Raman shifter means 24 is replaced with 
an anti-stokes generating means here where general composition is similar to what is shown in 
drawing 7. For example, in order to generate the light of a 1.05-micrometer wavelength range 
efficiently in the anti-stokes generating means which used the source of Er fiber laser seed light 
which operates at 1.55 micrometers, the anti-stokes generating means which considered the form 
with the 3rd distribution of a low value of the optical fiber as the small core is the optimal. The 
low value of the 3rd distribution is defined as the value of the 3rd small distribution here 
compared with the value of the 3rd distribution of the standard electronic-communications fiber 
in 1 .55 wavelength areas. The value of secondary distribution of an anti-stokes fiber must be 
negative. As another source of alternative seed light of Yb amplifier, passive mode locking Yb or 
Nd fiber laser is used for the inside of SM.Preferably, Yb soliton oscillator which operates by 
negative distribution is used. : by which negative resonator distribution is introduced in a 
resonator by the chirp fiber lattice 29 connected to the output fiber 36 as shown in drawing 8 in 
order to make Yb soliton oscillator. Or a negative distribution fiber like a HORI fiber fT. Monroe, 
et al) is used for Yb soliton laser resonator. SM which materializes such arrangement is shown as 
le in drawing 8. Here, the Yb fiber 30 is polarization maintenance, and it is incorporated in order 
to choose the oscillation to which the light polarizer 3 1 meets one axis of a fiber (combination is 
attained by the lens 32). Since it is easy, as shown in drawing 8. the clad pump of the Yb fiber 30 
is carried out from the side. However, the passive mode locking Yb fiber laser which 
incorporates the usual single mode fiber is also used. Such arrangement is not shown 
independently. In drawing 8. SA28 is used in order to derive short optical pulse formation. The 
diffraction grating 35 is used for distributed control, and is used as an internal resonator mirror. 
The pump diode 33 supplies pump light through V groove 34. 
[0052] 

The arrangement which incorporates a HORI fiber is almost the same as the system shown in 
drawing 8, and an additional HORI fiber is connected to somewhere in resonators here. When 
constructing a HORI fiber, a fiber Bragg diffraction grating does not need to have negative 
distribution, and a Bragg diffraction lattice is similarly replaced by a dielectric mirror. 
[00531 

The easiest thing for carrying out is a Yb oscillator which operates by normal dispersion, 
carrying out a deer. 

It does not need a negative distribution fiber Bragg diffraction grating or special resonator 



elements like aHORI fiber, in order to control resonator distribution. 

With a 'parabolic' Yb amplifier for the usual Yb amplifier), the very compact source of seed light 
for a high-power Yb amplifier system is acquired. Such a Yb oscillator with the Yb amplifier 40 
is shown in drawing 9 . and the Yb amplifier 40 is a 'parabolic' Yb amplifier about which it 
argues later preferably here. The same number is given to the same element as the inside of 
drawing 8. 
f00541 

Although SMlf in drawing 9 has the side pump Yb amplifier 40 which was described about 
drawing 8. other pumping arrangement is mounted. Naturally the Yb fiber 44 is polarization 
maintenance, and it is inserted in order to choose a polarization condition with the single light 
polarizer 3 1 . The fiber Bragg diffraction grating 37 ensures the oscillation of the pulse which has 
small reflection band width compared with the profit bandwidth of Yb. and has a small 
bandwidth compared with the profit bandwidth of Yb. The chirp of the Bragg diffraction lattice 
37 is carried out, or a chirp is not carried out. In the case of the Bragg diffraction lattice by which 
a chirp is not carried out, the chirp of the pulse oscillated within Yb oscillator is just carried out. 
The pulse generation or the passive mode locking within Yb oscillator can be begun with the 
supersaturation absorber 28. The optical fiber 39 is additional and restricts further the bandwidth 
of the pulse sent out to the Yb amplifier 40. 
[0055] 

In order to optimize parabolic pulse form Shigeru in the Yb amplifier 40 in SMlf. The input 
pulse width to: and the Yb amplifier 40 in which the input pulse should have a small bandwidth 
compared with the profit bandwidth of Yb must be small compared with output pulse width, and 
the profit of the Yb amplifier 40 must be high as much as possible, namely, it must be ten or 
more. The gain saturation in the Yb amplifier 40 must be small. 
[0056] 

As an example of a parabolic amplifier. Yb amplifier 5 m in length is used. Parabolic pulse form 
Shigeru is ensured by using the source of seed light with the pulse width of about 0.2 to 1 ps. and 
the spectral band width of three to 8 nm. Although parabolic pulse form Shigeru expands the 
bandwidth of the source of seed light up to about 20 to 30 nm within the Yb amplifier 40. an 
output pulse can be extended to about two to 3 ps . Since the chirp within a parabolic pulse is 
linearity highly, the pulse width of lOOfs order is obtained after compression. Even if the 
nonlinear phase shift from the self-phase modulation which can permit a standard ultra high- 
speed solid amplifier is large, it is only pi (well known for the latest art), but the parabolic pulse 
fiber amplifier can allow 10*pi and the nonlinear phase shift of the size beyond it. Since it is 
easy, we call a high gain Yb amplifier a parabolic amplifier. According to a simple contraction 
scale rule, a parabolic amplifier is increasing amplifier length suitably, and enables generating of 
a parabolic pulse with 1 nm or the spectral band width not more than it. For example, a parabolic 
pulse with the spectral band width of about 2 nm is generated by using a parabolic amplifier 
about 100 m in length. 
[0057] 

Since the big value of self-abnormal conditions of a parabolic pulse and the big value of the 
spectrum extension without causing discontinuation of a pulse can be allowed, the peak power 
ability of a parabolic amplifier is greatly raised compared with a standard amplifier. This is 



explained as follows. Time-dependent phase lag phinl ft) received by the self-phase modulation 
in the optical fiber of length L is proportional to peak power, namely, P (t) is the time-dependent 
peak power within a lightwave pulse in phini(t) P[ =gamma] ft) L and here. It is given with the 
differential coefficient of a phase modulation, namely, frequency modulation is 
deltaomega=gammaL [**P(t)/**t], Parabolic pulse profile P ft) In f-to<t<t n ). frequency 
modulation is linearity in =P n [l-(t/t o ) 2 ] and here. Then, it is also a pulse profile very much in the 
parabolic state, and enabling generating of the big peak power only accompanied by linearity 
frequency modulation and generating of a linearity pulse chirp is shown. 
r00581 

The chirp pulse generated with the Yb amplifier 40 is compressed using a diffraction grating 
compressor as shown in drawing 4. Or the crystal 42 and the lens 41 which carried out the chirp 
and which carried out the pole periodically are used for pulse compression, as shown in drawing 
9. In relation to SMlf shown in drawing 9. the very compact independence light source which 
gives off the femtosecond pulse in about 530-nm green spectral region is obtained. 
[0059] 

Since it seeds in Yb amplifier other than the passive mode locking Yb fiber laser 44 shown in 
drawing 9. another light source is also used. These another light sources can comprise Raman 
shift Er or Er/Yb fiber laser, the frequency shift Tm or Ho fiber laser, and a diode laser pulse 
light source. These another mounting thing is not shown independently. 
[0060] 

The fiber service module (FDM) 45 is added to the base system shown in drawing 1 by drawing 
lO. In this case, in order that PSM2 may raise; removed, however the peak power ability of an 
amplification module. PSM2 is contained when required. The Yb amplifier 7 shown in drawing 
10 can operate by non-parabolic one and parabolic both. 
[0061] 

FDM45 consists of the one optical fiber 46 f supply fiber) in the easiest composition. In the case 
of a parabolic amplifier, direct continuation of the supply fiber 46 is carried out to the Yb 
amplifier 7. without causing a loss in pulse quality. Rather, also in the case of much self-phase 
modulation, a linearity chirp is approximately added to the pulse which makes further pulse 
compression of PCM4 possible by the parabolic pulse profile. PCM4 is integrated by FDM45 
with a supply fiber using the small-scale method bulk diffraction grating compressor 14 shown in 
drawing 4. In this case, the supply fiber linked to a suitable collimate lens is replaced with the 
input shown in drawing 4. The separate figure of such operation is not shown. However, it will 
be excluded, if use of PCM4 is subordinate, for example, a chirp output pulse is required from a 
system. The system indicated to drawing 10 with PCM4 constitutes a derivative chirp pulse 
amplification system, and while a pulse can extend dispersively about time, of course, as for self- 
phase modulation, a profit is added here. Adding self-phase modulation to the usual chirp pulse 
amplification system generally brings about big pulse modification after pulse compression. Use 
of a parabolic pulse overthrows this restriction. 
[0062] 

A tip fiber optical fiber communications system is interpreted as a chirp pulse amplification 
system (for example . D.J.Jones et al. IEICE Trans.Electron.. E81-C. 180 (1998) references). 
Clearly, minimization of the pulse modification by a parabolic pulse is related equally to an 



optical fiber communications system. 
[0063] 

In order to obtain pulse width shorter than 50fs. control of the 3rd high order distribution in an 
FDM module or the light PSM becomes important. Control of high order distribution of;FDM 
which already argued about control of the high order distribution by PSM as drawing 1 in 
relation to 5 is dramatically similar- 
It is discussed by the model example of FDM45a shown in drawing 11. 

It is used in order that W-fiber of the 3rd big distribution may compensate the 3rd distribution of 
bulk PCM4, as exactly shown in drawing 1 . As exactly shown in drawing 5. high order 
distribution of all the systems which contain PCM4 which has a bulk diffraction grating by using 
the fibers 15, 16, and 17 with a different value to high order distribution of FDM is compensated. 
[00641 

Another example of PSM is shown in drawing 12 and drawing 13. and they also have the 
practical value which enables it to use the linearity chirp fiber Bragg diffraction grating which 
can be obtained to PSM in a commercial scene, and compensate high order distribution of all the 
chirp pulse amplification systems which have PCM and PSM . As another substitute, in order that 
a nonlinear chirp fiber Bragg diffraction grating may also compensate distribution of PCM, it is 
used for PSM. Separate such arrangement and it is not shown. 
[00651 

In order to avoid use of W-fiber. or LP gas _n mode in PSM, another example of PSM as shown in 
drawing 12 is shown as PSM2b. It is used for the single mode extension fiber 48 and the 
circulator 49 with the 3rd negative distribution by the negative linearity chirp Bragg diffraction 
lattice 47 here, connecting, introduction of a negative linearity chirp Bra g g diffraction lattice — 
the ratio (the 3rd order/[ secondary ]) in PSM2b - when distribution is increased and a bulk 
diffraction grating compressor is used, compensation of the high value of the 3rd distribution by 
PCM4 is enabled. PSM2b can also contain W-fiber linked to a linearity chirp fiber Bragg 
diffraction grating, in order to improve the pliability of PSM further. 
[00661 

As another example of PSM for high order dispersion compensation, arrangement is shown in 
drawing 13 as PSM2c . and it has the positive linearity chirp fiber Bragg diffraction grating 49. 
the circulator 50. and another fiber transmission grating 51. Here, in order to compensate the 
linearity in a PCM module, and high order distribution, the positive linearity chirp fiber Bragg 
diffraction grating 49 makes positive secondary distribution, and other fiber transmission 
gratings 5 1 make the secondary additional distribution [ 3rd / 4th 1 of a suitable value. One or 
more fiber transmission gratings or fiber Bragg diffraction gratings are used in order [ 3rd / 4th ] 
to obtain the suitable value of higher order distribution, if it can do. 
[00671 

In order to increase the pulse energy amplified from Yb amplifier to the order of mJ. and more 
than it. it is mounted as a pulse collection element and the further amplification stage show 
drawing 14. In this case, the pulse collection machine 52 is amplification stage AMI of the 
beginning. 3a and 2nd amplification stage AM2 Amplification module AMI of between 3b. and 
PSM2 and the beginning It is inserted between 3a. The arbitrary amplifiers and pulse collection 
machines of a number are used in order to obtain the possible highest output power, and the last 



amplification stage consists of multimode fibers preferably here. In order to obtain a diffraction 
marginal output, the dominant mode of a multi-mode amplifier is excited selectively, and is 
guided using the art (M. E.Fermann et al.. United States Patent. No.5.818.630) known well. The 
pulse collection machine 52 is chosen so that it may generally consist of an optical modulator 
like sound-optics or electric-optical modulation machine. The pulse collection machine 52 
reduces only the value which was able to give the repeating cycle of the pulse which comes out 
from SMI to from 50 MHz to for example. 5 kHz, and while average power has been small, it 
enables generating of very high pulse energy. Or since the repeating cycle of a system is fixed to 
any value, the semiconductor laser which switches directly is also used. The pulse collection 
machine 52 inserted in the back amplifier stage also stops enhancement of the amplified 
spontaneous emmision in an amplifier, and makes it possible to centralize output power on a 
high energy ultrashort pulse. The amplification stage has agreed with PSM and PCM about 
which it arg ued before. 

Here, it is minimized in order that distribution of all the systems may acquire the shortest 
possible pulse with the output of a system. 

[0068] 

Amplifier module AMI 3a is designed like the parabolic amplifier which generates a pulse with 
a parabolic spectrum. Similarly, it is AMI. The parabolic pulse from 3a is changed into the pulse 
which has a parabolic pulse spectrum with pulse shaping or the pulse extension fiber 53 as 
shown also in drawing 14. and the interaction of self-phase modulation and normal dispersion 
performs this conversion well here. This is because it can evolve into the parabolic pulse in 
which it will be understood, because a chirp pulse with a parabolic pulse profile has a parabolic 
spectrum in one fiber. The shape of a parabolic pulse form maximizes the quantity of remarkable 
self-phase modulation in the next amplification stage, and minimizes in order the quantity of the 
distributed pulse extension needed by PSM2 and PCM4. and compression. Similarly, the shape 
of a parabolic pulse form accepts permitting the self-phase modulation of sufficient quantity of 
PSM2 without big pulse modification. 
[0069] 

Once a pulse is extended, the harmful influence of the self-phase modulation in the following 
amplifier will be minimized by using the shape of an even pulse form. As [ show / the shape of 
an even pulse form / in drawing 14 / in order to generate an even pulse spectrum ] It is generated 
by inserting the optical amplitude filter 54 in front of the last amplification module. An even 
spectrum is because relation direct between the spectrum content after sufficient pulse extension 
and a time lag is changed into a really even pulse after sufficient pulse extension. Also in the 
same size as 10*pi, the value of self-phase modulation is permitted to the shape of an even pulse 
form, without causing big pulse modification. 
[0070] 

An amplitude filter as shown in drawing 14 is also used when the reconstitution of the pulse 
spectrum in an amplifier can be disregarded, namely, in order to control high order distribution 
with the amplifier chain to the pulse which carried out the chirp strongly in existence of self- 
phase modulation by the outside of the organization in which a parabolic pulse is generated, in 
this case. :beta/ PM =gammaP nL ^d n Sfomegaydomega"1 omega= 0 which generates the high order distribution 



expressed with the following formula of Quantity with most self-phase modulation and ~ here, P p is the peak pOWer pf & pulse. 

S ( omega) is the standardized pulse spectrum. 

In LrfrHa effective nonlinear length. L is amplifier length in Lg g ^expfgD-l] / g. and here, and g 
is the amplifier gain per unit length. Therefore, it is introduced in order that high order 
distribution of arbitrary quantity may compensate the value of high order distribution by a chirp 
pulse amplification system with an amplitude filter as shown in drawing 14 by controlling 
correctly the spectrum of the pulse which carried out the chirp strongly. The phase shift of -lOpi 
truly shown to the 500fs pulse which extended it to about 1 ns is enough to compensate the 3rd 
distribution of the bulk compressor ("as [ show / in drawing 4 1) which consists of a bulk lattice 
with 1800 slots/mm. Although an attractive controllable good amplitude filter is a fiber 
transmission grating, in order that arbitrary amplitude filters may control a pulse spectrum, it is 
used in front of the amplifier which causes high order distribution, for example. 
[00711 

The composition shown in drawing 15 is used as another example over the combination of an 
amplifier module with a pulse collection machine. Since the pulse of very high energy needs the 
multimode fiber of the big core for those amplification, it is difficult to control dominant mode 
by the polarization maintenance fiber amplifier of a single path. In this case, in order to obtain an 
output beam quality in order to minimize mode coupling, it is preferred to use the unpolarized 
light maintenance fiber amplifier of central symmetry highly . In order to acquire stable 
polarization from such an amplifier to deterministic environment, double path composition as 
shown in drawing 15 is required. Here, an opening is used for; for which the single mode fiber 
55 is used as a space mode filter after the path of the beginning of the amplifier 56. or here . The 
space mode filter 55 cleans the mode after the path of the beginning of the multi-mode amplifier 
56. and suppresses the spontaneous emmision by which the higher mode which tends to restrict 
the profit which can attain a multi-mode amplifier was amplified. The lens 60 is used for the 
amplifier 56. the space mode filter 55. and the pulse collection machines 52a and 52b in order to 
carry out joint receipts and payments. It ensures that Faraday rotator 57 polarizes so that front 
propagation light and back propagation light may cross at right angles, and back propagation 
light is given off out of a system by the illustrated polarization beam splitter 58. In order to 
optimize the efficiency of a system , the light source close to a diffraction limit is combined with 
the dominant mode of the multimode fiber 56 by the input part of a system , and in order that a 
profit guide may improve further the spatial quality of the beam amplified with the multimode 
fiber, it is used here. In order to make small the train-of-impulses repeating cycle supplied from 
SM and to suppress the amplified spontaneous emmision in a multi-mode amplifier, the 1st 
optical modulator 52a is inserted after the path of the beginning of a multi-mode amplifier. An 
ideal place is before the reflective mirror 59 so that it may illustrate. As a result, the double path 
profit of the size of 60 to 70 dB is acquired with such composition , and minimizes the number of 
the amplification stages demanded from amplifying a seed pulse with pj energy to mJ energy 
level. This kind of amplifier agrees with SM s . PSM s . and PCMs about which it argued before 
thoroughly, and enables generating with the energy of mJ of a femtosecond pulse . Before 
reducing the repeating cycle of the train of impulses supplied by SM as another substitute of high 
gain amplifier module construction pours into an amplifier module as shown in drawing 15 . it is 
performed by the 2nd additional modulator 52b. The repeating cycle of the transmission window 



of the 1st modulator 52a must be the same as that of the transmission window of the 2nd 
modulator 52b. or must be lower than it. Such composition is not shown independently. Drawing 
15 shares drawing 5 of U.S. Pat. No. 5,400,350 attached here as a reference, and some similarity. 
[00721 

As another example of this invention, the optical fiber communications system using parabolic 
pulse form Shigeru in the long distribution refractive-index type normal dispersion amplifier 61 
is shown in drawing 16. The dispersion compensation element 63 is inserted between fiber light 
amplifiers. In order that the light filter 62 may optimize the pulse forming process in an amplifier, 
it is mounted further. The optical filter is based on the optical etalon with the limited free spectral 
range so that it may have the repetition transmission-spectrum characteristic. 
The simultaneous penetration of a multi-wavelength channel which is required by a wavelength 
division multiplex is enabled. 

[0073] 

The advantageous thing become a key is combining the big profit of a long normal dispersion 
fiber, in order to linearize the chirp introduced by the optical car nonlinearity of a fiber 
penetration system. Therefore, generally, the penetration characteristic of an optical fiber 
communications system is mounting a normal dispersion (non soliton support) amplifier, and 
improves. Such an amplifier has a length of at least 10 km. and has a profit of lOdB/km or less. 
In order to use the beginning of the parabolic pulse forming for minim izin g the harmful effect of 
optical nonlinearity. the comprehensive profit per amplifier can exceed 10 dB. The further 
improvement has a profit of 3dB/km or less, and is increased by using the amplifier which 
lengthened the overall length so that a comprehensive profit might be not less than 20 dB. The 
further improvement of the penetration characteristic of a fiber penetration line is obtained by 
minimizing the quantity of the car nonlinearity of the negative dispersive device of a fiber 
penetration line. This is attained by using a chirp fiber diffraction grating for a negative 
dispersive device . 
[0074] 

It is also advantageous to generate a parabolic pulse in an external light source in addition to 
parabolic pulse form Shigeru in a penetration line and to pour them into a non soliton support 
amplifier fiber. In order to use such a system effectively, the low-loss normal dispersion 
penetration made possible with the HORI fiber is useful. A dispersion compensation element is 
mounted in a fiber penetration line end as meeting a fiber penetration line. Operation of such a 
system is similar to what is shown in drawing 16. 
It is not shown independently. 

The optical fiber communications system with the above similar designs is indicated by 

provisional application No.60/202,826 attached here as a reference. 

[0075] 

As another example of this invention in a telecommunication field, a wavelength variable Raman 
amplifier is built using the Raman shift pulse. Making the Raman gain of signal wave length in 
which the high-power lightwave signal of the given pump wavelength carried out red shift about 
pump wavelength is well known for the latest art . In fact, it is the effect of acting on the pump 



pulse itself used for construction of the wavelength variable pulse light source about which it 
argued here. 



